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 2011ᖺ 3᭶ 11᪥࡟Ⓨ⏕ࡋࡓ࣐ࢢࢽࢳ࣮ࣗࢻ 9.0ࡢᮾ໭ᆅ᪉ኴᖹὒἈᆅ㟈࡛ࡣࠊᆅ㟈࡟ࡼࡿᦂ
ࢀࡸὠἼ࡟ࡼࡾ㐨㊰ࡸㆤᓊタഛ➼ࡢᅵᮌᕤస≀࠾ࡼࡧᘓ⠏≀࡟⏒኱࡞⿕ᐖࢆࡶࡓࡽࡋࡓࠋ࡞࠿࡛
ࡶࠊ⚟ᓥ➨୍ཎᏊຊⓎ㟁ᡤ஦ᨾ࡛ࡣࠊᅜෆ࡟࠶ࡿཎᏊຊⓎ㟁ᡤࡢ✌ാ࡟ᙳ㡪ࢆཬࡰࡋࠊ᫖௒ࡢᡃ
ࡀᅜࡢ࢚ࢿࣝࢠ࣮᝟ໃ࡟㛵ࡍࡿㄪᰝሗ࿌ 1-1)࡟ࡼࢀࡤ㟈⅏๓ࡢ 2010ᖺ 4᭶࡛ࡣཎᏊຊⓎ㟁࡟ࡼࡿ
Ⓨ㟁ẚ⋡ࡀ 34%࡛࠶ࡗࡓࡢ࡟ᑐࡋࠊ㟈⅏ᚋࡢ 2012 ᖺ 4 ᭶࡛ࡣ 1%ࡲ࡛ῶᑡࡋ࡚࠸ࡿࠋ௚᪉࡛ࠊ


























































⏝๭ྜࢆࠊᅗ 1-1࡛ࡣᐜ✚๭ྜ࡛ࠊᅗ 1-2࡛ࡣ㉁㔞๭ྜ࡛ࡑࢀࡒࢀ♧ࡍࠋ 
 FAෆ๭ࡾΰྜ࡜ࡣࠊJIS R 5213࡟つᐃࡉࢀ࡚࠸ࡿࣇࣛ࢖࢔ࢵࢩࣗࢭ࣓ࣥࢺࡢࡼ࠺࡟ࠊFAࢆࢭ
࣓ࣥࢺࡢ୍㒊࡜ࡋ࡚⨨᥮ࡍࡿ᪉ἲ࡛ࠊᅗ 1-2࡟♧ࡍࡼ࠺࡟⦎ΰࡐỈ࡜⤖ྜᮦ㸦ࢭ࣓ࣥࢺ࠾ࡼࡧ FA
ࡢྜィ㸧ࡢ㉁㔞ẚࡣࠊFA↓ΰྜ࡜ྠࡌ࡛࠶ࡿࠋᮏㄽᩥ࡛ࡣࠊࡇࡢࢥࣥࢡ࣮ࣜࢺࢆ FAෆ๭ࡾΰྜ
ࢥࣥࢡ࣮ࣜࢺ࡜⾲グࡍࡿࠋࡲࡓࠊࢥࣥࢡ࣮ࣜࢺ 1m3୰ࡢ FA ࡢ㉁㔞ࢆࢭ࣓ࣥࢺࡢ㉁㔞࡜ FA ࡢ㉁
㔞ࡢ࿴࡛㝖ࡋࡓ್ࢆ FA ෆ๭ࡾΰྜ⋡࡜⾲グࡍࡿࠋ࡞࠾ࠊFA ෆ๭ࡾΰྜ࡛ࡣࠊFA ࡜ࢭ࣓ࣥࢺࡢ
཯ᛂ࠾ࡼࡧ◳໬࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺᙉᗘ࡬ࡢᐤ୚ࡀ␗࡞ࡿࡓࡵࠊFAෆ๭ࡾΰྜࡢࢥࣥࢡ࣮ࣜࢺࡣࠊ
㛗ᮇⓗ࡞ᙉᗘࡢቑ㐍ࡀᮇᚅ࡛ࡁࡿࡀࠊึᮇᙉᗘⓎ⌧ࡀ㐜࠸➼ࡢ≉ᚩࡀ࠶ࡿࠋ 
FA እ๭ࡾΰྜ࡜ࡣࠊFA ↓ΰྜ࡜ྠ➼ࡢࢭ࣓ࣥࢺ㔞ࢆ☜ಖࡋࡓୖ࡛ FA ࢆΰ࿴ᮦ࡜ࡋ࡚ΰྜࡍ
ࡿ᪉ἲ࡛࠶ࡿࠋᮏㄽᩥ࡛ࡣࠊࡇࡢࢥࣥࢡ࣮ࣜࢺࢆ FAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡜⾲グࡍࡿࠋࡲࡓࠊ
ࢥࣥࢡ࣮ࣜࢺ 1m3୰ࡢ FA ࡢ㉁㔞ࢆࢭ࣓ࣥࢺࡢ㉁㔞࡛㝖ࡋࡓ್ࢆ FA እ๭ࡾΰྜ⋡࡜⾲グࡍࡿࠋ
㣴⏕᮲௳࡟ࡼࡗ࡚␗࡞ࡿࡀࠊFA↓ΰྜࡢࢥࣥࢡ࣮ࣜࢺ࡜ྠ➼௨ୖࡢึᮇᙉᗘࡀᚓࡽࢀࡿୖࠊ㛗ᮇ








































































 ᮏㄽᩥࡣࠊ඲ 7❶࠿ࡽᵓᡂࡉࢀࠊ௨ୗ࡟ྛ❶ࡢᴫせࢆグ㍕ࡍࡿࠋ࡞࠾ࠊᅗ 1-3࡟ࡣᮏㄽᩥࡢᵓ
ᡂࢆ♧ࡍࠋ 
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ࡼࡧ FAࡢ࣏ࢰࣛࣥ཯ᛂࢆ X⥺ᅇᢡศᯒ࠾ࡼࡧ㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾࡟ࡼࡾㄪᰝࡋࡓࠋ 
 ➨ 4❶ࠕࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ࡛ࠖ ࡣࠊFAࡢ࣏ࢰ
ࣛࣥ཯ᛂ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺ⤌⧊ࡢ⦓ᐦ໬࡜ Ca(OH)2ࡢᾘ㈝ࢆᣦᶆ࡜ࡋࠊFA ࢆእ๭ࡾΰྜࡋࡓ
ࢥࣥࢡ࣮ࣜࢺ࡟࠾࠸࡚୰ᛶ໬ࡢ㐍⾜ᛶࢆᐃ㔞ⓗ࡟᳨ウࡋࡓࠋ 
 ➨ 5 ❶ࠕࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ
≧࡛ࠖࡣࠊFASࡢ౑⏝࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧ࡢᨵၿຠᯝࢆㄪᰝࡍࡿࡓࡵࠊ○◁ࡢ
ࡳࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ࡜ FASࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧ࢆẚ㍑ࡋࡓࠋ 
 ➨ 6 ❶ࠕࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼ
ࡧ୰ᛶ໬ࡢㄪᰝ࡛ࠖࡣࠊ○◁ࡢᚤ⢏ศࡢ⿵᏶ࢆ┠ⓗ࡜ࡋ࡚ FA ࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑
⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ࡟ࡘ࠸࡚ࠊᙉᗘ≉ᛶ࠾ࡼࡧ୰ᛶ໬㐍⾜ᛶ࡟ࡘ࠸᳨࡚ウࡋࡓࠋ 






























































ㄪᰝ ఍⥲ྜ㒊఍ ➨㸯ᅇ఍ྜ ཧ⪃㈨ᩱ㸯㸫㸯㸪2013㸬3 
1-2) ࿋ᐩᰤ㸪ᱝ⏣ెᐶ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࠾ࡼࡧ⪏ஂタィᙉᗘ࡟㛵ࡍࡿ
୍⪃ᐹ㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 606ྕ㸪pp.15-19㸪2006.8 











1-9) Ώ㎶ᘓ἞㸪௚ 3 ྡ㸸⣽㦵ᮦࢆ⢒⢊ࣇࣛ࢖࢔ࢵࢩ࡛ࣗ⨨᥮ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᇶ♏≀ᛶࢭ
࣓ࣥࢺ࣭ࢥࣥࢡ࣮ࣜࢺㄽᩥ㞟㸪No.54㸪pp.258-263㸪2000 
1-10) ఀ⸨ᬛ❶㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ⣽㦵ᮦࡢ୍㒊࡟⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢᙉᗘ࠾ࡼࡧ
⪏ஂᛶ㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.22㸪No.2㸪pp.217-222㸪2000 
1-11) ᯈ஭▱᫂㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ⣽㦵ᮦࡢ୍㒊࡜⨨᥮ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢㅖ≉ᛶ㸪
ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.23㸪No.2㸪pp.109-114㸪2001 
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1-15) ⚟␃࿴ே㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ஦๓ΰྜࡋࡓ○◁ࢆ⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢᇶᮏ≉
ᛶ࠾ࡼࡧ⎔ቃᛶ⬟ホ౯㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.31㸪No.1㸪pp.235-240㸪2009 







































 ࡑࡢ௚㸦ᾏእ࡟࠾ࡅࡿ )$ΰྜࡢ⪃࠼᪉㸧 
 ࡲ࡜ࡵ  
➨ ❶ ᪤ ࡢ◊✲

















 ▼Ⅳࢆ⇞ᩱ࡜ࡍࡿⅆຊⓎ㟁ᡤ࠿ࡽ᤼ฟࡉࢀࡿ FA ࡢ᭷ຠ฼⏝᪉ἲ࡟ࡘ࠸࡚ࠊ▼Ⅳ⅊඲ᅜᐇែㄪ
ᰝሗ࿌᭩ 2-1)࡟ࡼࢀࡤࠊࢭ࣓ࣥࢺ〇㐀᫬ࡢ⢓ᅵ௦᭰࡜ࡋ࡚⣙ 66%ࡀ฼⏝ࡉࢀࠊࣇࣛ࢖࢔ࢵࢩࣗࢭ࣓





ᅗ 2-1 ࡣࠊFA ࡢ᤼ฟ⤒㊰ࡢ୍౛ 2-2)ࢆ♧ࡋࡓࡶࡢ࡛࠶ࡿࠋᚤ⢊Ⅳࢆᢞධࡋࡓ࣎࢖࣮ࣛ࠿ࡽࡣࠊ
⣙ 10%ࡢࢡ࣮ࣜࣥ࢝࢔ࢵࢩࣗࠊ⠇⅊ჾ࠾ࡼࡧ✵Ẽண⇕ჾ࠿ࡽࡣࢩࣥࢲ࣮࢔ࢵࢩࣗࠊࡉࡽ࡟ࡣ㟁Ẽ
㞟ሻᶵ࠿ࡽࡣ FAࡀ᥇ྲྀࡉࢀࡿࠋࡇࢀࡽࡢ࠺ࡕࠊ⣙ 30%ࡀᅇ཰ཎ⢊ࢧ࢖ࣟࠊ⣙ 60%ࡀ⅊ᤞཎ⢊ࢧ
࢖ࣟ࡬ࡑࢀࡒࢀศࡅࡽࢀࡿࠋࡑࡢᚋࠊᅇ཰ཎ⢊ࢧ࢖ࣟ࡬⛣ືࡋࡓ FA ࡣࠊศ⣭ჾ࡟ࡼࡾ⣙ 20%ࡀ
JIS A 6201㸦௨㝆ࠊJISつ᱁࡜⾲グ㸧࡛ရ㉁ࡀᐃࡵࡽࢀ࡚࠸ࡿϩ✀࡜࡞ࡿࠋ࡞࠾ࠊศ⣭ჾ࡟ࡼࡾ
㝖እࡉࢀࡓ⣙ 10%ࡢ FAࡣࠊ⅊ᤞཎ⢊ࢧ࢖ࣟࡢ FA࡜ΰࡐࡽࢀࢭ࣓ࣥࢺཎᩱ⏝ FAࡲࡓࡣ⅊ᤞሙ࡬
࡜⛣ືࡉࢀࡿࠋ 
➨ ❶ ᪤ ࡢ◊✲













ᅗ 2-1 ▼ⅣⅆຊⓎ㟁ᡤࡢ▼Ⅳ⅊᤼ฟ㐣⛬ 2-2) 
 
 ▼Ⅳࢆ⇞ᩱ࡜ࡍࡿⅆຊⓎ㟁ᡤࡼࡾ᤼ฟࡉࢀࡓ FA ࡢရ㉁࡟ࡘ࠸࡚ࡣࠊ⇞ᩱ࡛࠶ࡿ▼Ⅳࡀᅜෆ⏘
࠿ࡽᾏእ⏘ࡢ▼Ⅳ࡬⛣⾜ࡋࠊࡉࡽ࡟⇞↝࣎࢖࣮ࣛ➼ࡢタഛࡢኚ໬࡟ࡼࡾ㏆ᖺ኱ࡁࡃ␗࡞ࡗ࡚ࡁ࡚









ࡶኚ໬ࡋ࡚࠸ࡿࡇ࡜࡜┦ࡲࡗ࡚ࠊⓎ㟁ᡤࡼࡾ᤼ฟࡉࢀࡿ FA ࡢရ㉁ࡀ JIS つ᱁࡟ヱᙜࡋ࡞࠸ࡶࡢ
ࡀ⌧ࢀ࡚ࡁ࡚࠸ࡿ࡜ࡋ࡚࠸ࡿࠋࡑࡇ࡛ࠊᅜෆ⏘ 1✀㢮ࠊᾏእ⏘ 21✀㢮ࡢ▼Ⅳࢆ⇞↝ᚋࠊ᤼ฟࡉࢀ
ࡓ FA࡟ࡘ࠸࡚ㄪᰝࡋ࡚࠸ࡿࠋFAࡢ໬Ꮫᡂศ࠾ࡼࡧ≀⌮ⓗᛶ㉁࡟ࡘ࠸࡚ࠊᾏእ⏘ࡢ▼Ⅳ⇞↝ᚋࡢ
FAࡣ 21✀㢮୰ 5✀㢮ࡀ JISつ᱁ࡢつᐃࡢ୍㒊ࢆ‶ࡓࡋ࡚ࡣ࠸࡞࠿ࡗࡓࠋࡇࢀࡽࡢ⤖ᯝࡣࠊ᪤ฟ
















































 ㏆ᖺࡢ FA ࡢရ㉁ኚື࡟㛵ࡋ࡚ࠊ⩚ཎࡽ 2-5)ࡀᅜෆࡢ୺せ࡞ 14 ࠿ᡤࡢⅆຊⓎ㟁ᡤࡼࡾ᤼ฟࡉࢀ
ࡓ 16✀㢮࠾ࡼࡧ࢔࣓ࣜ࢝⏘ࡢ FAࡢ 1✀㢮࡟ࡘ࠸࡚ࡲ࡜ࡵ࡚࠸ࡿࠋ⾲ 2-1࡟ࡣࠊྛⓎ㟁ᡤࡼࡾ᤼
ฟࡉࢀࡓ FAࡢ࢞ࣛࢫ໬⋡ࡢ๭ྜࢆ♧ࡍࠋࡇࡇ࡛ࠊ࢞ࣛࢫ໬⋡࡜ࡣ FA୰ࡢ SiO2ࡸ Al2O3࡞࡝ࡢ
㠀ᬗ㉁ᡂศࡢ๭ྜࢆ♧ࡍࡶࡢ࡛࠶ࡾࠊFAࡢ࣏ࢰࣛࣥ཯ᛂࡣࠊFA୰ࡢ⤖ᬗ┦࡛ࡣ࡞ࡃ㠀ᬗ㉁ᡂศ
ࡀ୺࡟཯ᛂࡋ࡚࠸ࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡿࠋྛⓎ㟁ᡤ࠿ࡽ᤼ฟࡉࢀࡓ FA ࡢ࢞ࣛࢫ໬⋡࡟ࡘ࠸࡚ࡣࠊ
ⱎ໭Ⓨ㟁ᡤࡢ࢞ࣛࢫ໬⋡ࡀ᭱ࡶ኱ࡁࡃ 84.6%ࠊ᭱పࡣ➉ཎⓎ㟁ᡤࡀ 44.7%࡛࠶ࡾᖹᆒࡣ 68.9%࡛
࠶ࡗࡓࠋ 
 




composition of glass phase(%) 
SiO2 Al2O3 Fe2O3 CaO SiO2+ Al2O3 
Takehara 12.53 44.7 63.2 10.3 7.4 4 73.5 
Matsuura 12.55 70.4 59.7 18.1 6.9 7 77.8 
Mtsushima 12.56 65.7 65.1 21.8 6.7 4.3 86.9 
Isogo 12.44 78.3 59.1 21.4 5 5.1 80.5 
Sakata 12.57 60.6 58.4 13.9 5.8 9.9 72.3 
Noshiro 12.5 69.8 57.3 17.9 7.8 7.2 75.2 
Anan 12.49 68.8 61.7 17.6 6.4 4.1 79.3 
Shinonoda 12.57 73 71.8 14.2 3.4 2.2 86 
Haramachi 12.56 71.5 59.2 18.1 7.3 5.2 77.3 
Tsuruga 12.49 74.6 58.6 12.3 5.9 2.8 70.9 
Reihoku 12.36 84.6 60.6 21.4 4.5 5.2 82 
Hekinan 12.52 74.6 64.4 19.8 5.3 3.4 84.2 
Nanaoohta 12.54 78.3 66.1 16.7 5.4 3.7 82.8 
Uruma 12.53 75.1 49.7 19.5 10.9 4.9 69.2 
Matsusumaϩ 12.57 61.8 57 17.8 6.8 6 74.8 
Takeharaϩ 12.56 48.8 63.7 12.3 7.9 4.9 76 
USA 12.53 70.2 56.5 13.3 6.8 14.8 69.8 
Average 12.52 68.9 60.7 16.9 6.5 5.6 77.6 
S.D 0.05 10.23 4.88 3.54 1.66 3.0 5.58 
variation coefficient 0.44 14.85 8.04 20.99 25.62 53.93 7.19 
➨ ❶ ᪤ ࡢ◊✲




 ᅗ 2-2࡛♧ࡍࡼ࠺࡟ FAࡢᙧ≧ࡣ⌫≧࡛࠶ࡿࡓࡵࠊFAࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺ࡛ࡣ࣮࣡࢝ࣅࣜ
ࢸ࢕࣮ࡀྥୖࡋࠊῶỈຠᯝࡶᮇᚅ࡛ࡁࡿྂࠋ ㈡ࡽ 2-6)ࡣࠊJISつ᱁ࡢϫ✀࡟ヱᙜࡍࡿ FA࡟ࡘ࠸࡚ࠊ
⣽㦵ᮦ࡟ᑐࡍࡿ FA⣽㦵ᮦ௦᭰⋡ࢆ 0ࠊ10࠾ࡼࡧ 20%࡛ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ
ࡢῶỈຠᯝ࡟ࡘ࠸᳨࡚ウࡋ࡚࠸ࡿࠋࡇࡇ࡛ࠊFA ⣽㦵ᮦ௦᭰⋡࡜ࡣࠊFA ࢆ FA ࡜ FA ࢆྵࡲ࡞࠸
⣽㦵ᮦࡢ࿴࡛㝖ࡋࡓ್ࢆⓒศ⋡࡛⾲ࡋࡓࡶࡢ࡛࠶ࡿࠋ࡞࠾ࠊ◊✲ෆᐜ࡟ࡼࡗ࡚ࠊFA⣽㦵ᮦ௦᭰⋡
࡟ࡣᐜ✚๭ྜ࠾ࡼࡧ㉁㔞๭ྜࡢ 2ࡘࡢ⾲グࡀ࠶ࡗࡓࠋ 
ᅗ 2-3࡟ࡣࠊFA⣽㦵ᮦ௦᭰⋡ 0%࡟࠾ࡅࡿࢫࣛࣥࣉ್ࢆᇶ‽࡜ࡋࡓሙྜࡢ FA⣽㦵ᮦ௦᭰⋡࡜
༢఩Ỉ㔞ẚࡢ㛵ಀࢆ♧ࡍࠋFA⣽㦵ᮦ௦᭰⋡ 0%࡜ẚ㍑ࡋ࡚ࠊ10%࡛ࡣࡍ࡭࡚ࡢỈࢭ࣓ࣥࢺẚ࡟࠾


















ᅗ 2-2 ࣇࣛ࢖࢔ࢵࢩࣗࡢ SEM෗┿    ᅗ 2-3 FA⣽㦵ᮦ௦᭰⋡࡜༢఩Ỉ㔞ẚࡢ㛵ಀ 2-6) 
)$ ⣽㦵ᮦ௦᭰⋡㸦㸧
➨ ❶ ᪤ ࡢ◊✲
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 ᅗ 2-4ࡣࠊFAෆ๭ࡾΰྜ⋡࡜㧗ᛶ⬟ AEῶỈ๣ࡢῧຍ㔞ࡢ㛵ಀ࡛࠶ࡿࠋᯇᐙࡽ 2-12)ࡣࠊ⢊య㔞
㸦C+FA㸧࡜㧗ᛶ⬟ AE ῶỈ๣ῧຍ㔞ࡢ㛵ಀ࠿ࡽࠊ⢊య㔞ࡀ 300㹼500kg/m3ࡢ⠊ᅖ࡛ࡣࠊ㧗ᛶ⬟
AEῶỈ๣ࡢῧຍ㔞࡟ኚ໬ࡣ↓࠸࡜ࡋࠊ⢊య㔞ࡀ 500kg/m3ࢆ㉸࠼ࡿ࡜ࢥࣥࢡ࣮ࣜࢺࡢ⢓ᛶࡀቑຍ
ࡋࠊᛴ⃭࡟ῧຍ㔞ࡀቑຍࡍࡿ࡜ሗ࿌ࡋ࡚࠸ࡿࠋࡇࡢࡓࡵࠊపỈࢭ࣓ࣥࢺẚࡢ㡿ᇦ࡛ࡣࠊFAෆ๭ࡾ
ΰྜ⋡ࡢቑຍ࡜࡜ࡶ࡟㧗ᛶ⬟ AE ῶỈ๣ࡢῧຍ㔞ࡣቑຍഴࡍࡿࡀࠊỈࢭ࣓ࣥࢺẚ 45ࠊ50 ࠾ࡼࡧ
55%࡛ࡣࠊFAෆ๭ࡾΰྜ⋡ࡀቑຍࡋ࡚ࡶ㧗ᛶ⬟ AEῶỈ๣ࡢῧຍ㔞࡟ኚ໬ࡣᑡ࡞࠸ࠋ 











ᅗ 2-4 ⢊య㔞࡟ᑐࡍࡿ FA㔞ࡢẚ࡜㧗ᛶ⬟AE   ᅗ 2-5 ⢊య㔞࡟ᑐࡍࡿ FA㔞ࡢẚ࡜AE๣ 









 ᅗ 2-6࡟ࠊFA⣽㦵ᮦ௦᭰⋡㸦ᐜ✚๭ྜ㸧0ࠊ10ࠊ20࠾ࡼࡧ 30%࡜ᅽ⦰ᙉᗘࡢ◊✲ 2-14)⤖ᯝࢆ♧
ࡍࠋỈࢭ࣓ࣥࢺẚ 55࠾ࡼࡧ 65%࡛ࡣᮦ㱋ࡢ⤒㐣࡜࡜ࡶ࡟ FA⣽㦵ᮦ௦᭰⋡ࡢቑຍ࡜࡜ࡶ࡟ࠊᅽ⦰
➨ ❶ ᪤ ࡢ◊✲










ⴭ࡞ቑຍࡣㄆࡵࡽࢀ࡞࠸ࡔࡅ࡛࡞ࡃࠊFA ⣽㦵ᮦ௦᭰⋡ 20%࡛ࡣ 10%࡜ẚ㍑ࡋ࡚ῶᑡࡋ࡚࠸ࡿࠋ
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㦵ᮦ௦᭰⋡ 10%࡜ 20%ࡢࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬㐍⾜ࢆẚ㍑ࡍࡿ࡜ࠊ㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠸ࠋ 














ⴭ࡟⌧ࢀࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋࡋ࠿ࡋࠊỈࢭ࣓ࣥࢺẚ 60 ࠾ࡼࡧ 70%࡛ࡣࠊ࣏ࢰࣛࣥ཯ᛂࡢ㐍⾜
࡜࡜ࡶ࡟ Ca(OH)2ࡢᾘ㈝ࡀ୰ᛶ໬ࡢ㐍⾜ࢆ᪩ࡵࡓࡶࡢ࡜⪃࠼ࡽࢀࠊFA እ๭ࡾΰྜ࡟ࡼࡾ୰ᛶ໬
῝ࡉࡀ FA ↓ΰྜࡢࢥࣥࢡ࣮ࣜࢺ࡜ẚ㍑ࡋ࡚ⴭࡋࡃ㐍⾜ࡋ࡚࠸ࡿࠋࡲࡓࠊỈ⤖ྜᮦẚ 50%࡛ࡣࠊ
















ᅗ 2-7 ୰ᛶ໬῝ࡉ࡟ཬࡰࡍ FAࡢΰྜ⋡ࡢ   ᅗ 2-8 ୰ᛶ໬῝ࡉ࡟ཬࡰࡍ FAࡢΰྜ⋡ࡢ 
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ࡇࡢሙྜࡢ○◁➼࡟ᑐࡍࡿ FA ⣽㦵ᮦ௦᭰⋡ࡣࠊ㉁㔞๭ྜ࡛ 10%࡜ࡋ࡚࠸ࡿࠋࡇࢀࡣࠊ᪤ ࡢ◊
✲ 2-6)㹼2-8)࡛♧ࡉࢀ࡚࠸ࡿ FA⣽㦵ᮦ௦᭰⋡࡜ࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧࡜ࡢ㛵ಀ࠿ࡽࠊFA⣽
㦵ᮦ௦᭰⋡ 10%ࡀ᭱ࡶࣇࣞࢵࢩࣗᛶ≧ࡢᨵၿ࡟ຠᯝⓗ࡛࠶ࡿࡓࡵ࡜⪃࠼ࡽࢀࡿࠋ࡞࠾ࠊᐇ㦂ᐊ࡛
ࡢ FASࡢ〇㐀࡟ࡘ࠸࡚ࡣࠊᐜ㔞 50ࣜࢵࢺࣝࡢࣃࣥᆺ࣑࢟ࢧࢆ⏝࠸ FAࠊ○◁࠾ࡼࡧ⾲㠃Ỉㄪᩚ⏝
ࡢỈࢆᢞධࡋ 3ศ㛫⦎ࡾΰࡐ࡚⾜࠸ࠊࡑࡢᚋ 3᪥⛬ᗘಖ⟶ࡋࢥࣥࢡ࣮ࣜࢺ〇㐀࡟⏝࠸࡚࠸ࡿࠋࡇ
ࡇ࡛ࠊ⾲㠃Ỉㄪᩚ⏝ࡢỈ࡜ࡣࠊFASࡢ㐠ᦙ࠾ࡼࡧಖ⟶᫬࡟ FA ࡢ㣕ᩓࢆ㜵Ṇࡍࡿࡓࡵ࡛࠶ࡿࠋ࡞





⯡ⓗ࡟⏝࠸ࡽࢀ࡚࠸ࡿ⅔஝⇱ἲ࠾ࡼࡧ JIS A 1111࡟つᐃࡉࢀ࡚࠸ࡿᐜ✚ἲ࡟࠾࠸࡚☜ㄆࡋࠊ୧⪅
࡟ࡼࡾ ᐃࡋࡓ⾲㠃Ỉ⋡ࡢ್࡟ᕪࡀ↓࠸ࡇ࡜ࢆ☜ㄆࡋ࡚࠸ࡿࠋࡋࡓࡀࡗ࡚ࠊ⣽㦵ᮦ࡟ FASࢆ౑⏝








 FAS ࡣࠊ⢒⢏⋡ࡢ኱ࡁ࠸○◁ࡢᚤ⢏ศࢆ⿵᏶ࡍࡿ┠ⓗ࡛ FA ࢆΰྜࡋ࡚࠸ࡿࠋ⚟␃ࡽ 2-22)ࡣࠊ
FA ↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢ┠ᶆࢫࣛࣥࣉ್ࢆ 10㹼12cm ࡟࡞ࡿࡼ࠺࡟ㄪᩚࡋࡓࢥࣥࢡ࣮ࣜࢺ࡟࠾
࠸࡚ࠊ⣽㦵ᮦ࡟ FASࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ㸦௨㝆ࠊFASࢥࣥࢡ࣮ࣜࢺ࡜⾲グ㸧࡜ FAࢆࢥࣥࢡ
࣮ࣜࢺ⦎ΰࡐ᫬࡟ΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺ㸦௨㝆ࠊFAྠ᫬ΰྜࢥࣥࢡ࣮ࣜࢺ࡜⾲グ㸧ࡢࣇࣞࢵࢩࣗ
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 )$6 ࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬












 FAࢆࢭ࣓ࣥࢺࡢ୍㒊࡜ࡋ࡚ΰྜࠊࡍ࡞ࢃࡕ JIS R 5213࡛つ᱁ࡉࢀ࡚࠸ࡿࣇࣛ࢖࢔ࢵࢩࣗࢭ࣓
ࣥࢺࡢࡼ࠺࡟ FA ෆ๭ࡾΰྜࡋࡓሙྜ࡛ࡣࠊࢭ࣓ࣥࢺࡢỈ࿴⇕ࡢపῶ 2-25)㹼2-31)ࠊ࢔ࣝ࢝ࣜ㦵ᮦ཯













࠺ࡇ࡜ࡀᐃࡵࡽࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊ⾲ 2-4 ࡣࠊࠕఫᏯࡢရ㉁ࡢ☜ಖࡢಁ㐍➼࡟㛵ࡍࡿἲᚊ 㸦ࠖရ☜
➨ ❶ ᪤ ࡢ◊✲









ࡿ FA ࡢ᭷ຠ฼⏝࡟ຍ࠼ࠊࢭ࣓ࣥࢺࡢ୍㒊ࢆ FA ࡛⨨᥮ࡍࡿࡇ࡜࡛ࢭ࣓ࣥࢺ〇㐀᫬ࡢ CO2ࡢ๐ῶ
ຠᯝ࡞࡝ᚠ⎔ᆺ♫఍࡟㐺ྜࡋࡓᘓタ㈨ᮦ࡜ࡋ࡚᭷ຠ࡞ΰྜ᪉ἲ࡛࠶ࡿࠋ 
 




































᪩ᙉ࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ 3᪥௨ୖ 5᪥௨ୖ 
ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ 5᪥௨ୖ 7᪥௨ୖ 
୰ᗤ⇕࠾ࡼࡧప⇕࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ 
㧗⅔ࢭ࣓ࣥࢺ B✀ࠊࣇࣛ࢖࢔ࢵࢩࣗࢭ࣓ࣥࢺ B✀ 
7᪥௨ୖ 10᪥௨ୖ 
Ỉࢭ࣓ࣥࢺẚ㸦%㸧 ༢఩Ỉ㔞 





⾲ 2-2ࡢ್ 185௨ୗ 
ͤ㸦 㸧ෆࡢᩘᏐࡣࠊ࠿ࡪࡾཌࡉࢆ๭ቑࡋࡓሙྜ࡟㐺⏝ࡉࢀࡿࠋ 
➨ ❶ ᪤ ࡢ◊✲
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 )$ ࢆࢭ࣓ࣥࢺࡢ୍㒊࡜ࡋ࡚ෆ๭ࡾΰྜࡋࡓሙྜࡢᅽ⦰ᙉᗘ
 FA ࢆෆ๭ࡾΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࡟㛵ࡍࡿ◊✲ࡣᩘከࡃ࠶ࡾ౛࠼ࡤ 2-37)㹼2-43)ࠊ࿋ࡽ
2-44)ࡣࠊྠࡌⅆຊⓎ㟁ᡤ࠿ࡽ᤼ฟࡉࢀࡓ JIS A 6201࡛つ᱁ࡉࢀ࡚࠸ࡿϨࠊϩࠊϪ࠾ࡼࡧϫ✀ࡢ 4
✀㢮ࡢ FAࢆ౑⏝ࡋࠊỈ⤖ྜᮦẚ 25㹼49%ࡢ⠊ᅖࡢ㧗ᙉᗘࢥࣥࢡ࣮ࣜࢺ࡟࠾࠸࡚ࠊᅽ⦰ᙉᗘ࡬ཬ









 ᮦ㱋 365 ᪥࡟࠾ࡅࡿᶆ‽㣴⏕㸦20ΥỈ୰࡛ࡢ㣴⏕㸧࡛ࡢ FA ࡢᙉᗘᐤ୚⋡ࡣࠊ60㹼150%⛬ᗘ





⾲㠃✚ࡀᑠࡉ࠸ FA࡛ࡣࠊᮦ㱋 91᪥ࡲ࡛ࡣᐤ୚ຠᯝࡣᮇᚅ࡛ࡁ࡞࡜ሗ࿌ࡋ࡚࠸ࡿࠋ 
 FAෆ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡢᙉᗘⓎ⌧࡟ཬࡰࡍ㣴⏕᪉ἲ࡟ࡘ࠸࡚ࡢ᪤ ࡢ◊✲ 2-41),2-42)࡛ࡣࠊ















 FA ࢆෆ๭ࡾΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿ◊✲౛࠼ࡤ 2-45)㹼2-48)ࡣᩘከࡃ࠶ࡾࠊ඲ࡽ 2-47)
ࡣࠊJIS A 6201࡛つ᱁ࡉࢀ࡚࠸ࡿϨࠊϩ࠾ࡼࡧϫ✀ࡢ 3✀㢮ࡢ FAࢆ౑⏝ࡋࠊFAෆ๭ࡾΰྜ⋡ࢆ
0ࠊ25ࠊ40ࠊ55ࠊ࠾ࡼࡧ 70%࡜ࡋಁ㐍୰ᛶ໬ヨ㦂ࢆ⾜ࡗ࡚࠸ࡿࠋࡑࡢ⤖ᯝࠊỈ⤖ྜᮦẚ࠾ࡼࡧ FA
ࡢ✀㢮࡟㛵ࢃࡾ࡞ࡃḟᘧ࡟ᚑࡗ࡚୰ᛶ໬ࡣ㐍⾜ࡍࡿ࡜ሗ࿌ࡋ࡚࠸ࡿࠋ 












































ࡿ᪉ἲ㸦௨㝆ࠊ㑅ᢥ⁐ゎἲ࡜⾲グ㸧ࡀ࠶ࡿࠋ࿋ࡽ 2-51)ࡣࠊFA ࡢ࣏ࢰࣛࣥ཯ᛂ⋡ࢆ Ca(OH)2ࡢᾘ
㈝㔞࠿ࡽ⟬ฟࡋࠊFAࢆΰྜࡋࡓࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱ࡟࠾࠸࡚ᮦ㱋 91᪥ࡲ࡛ࡢ཯ᛂ⋡࡟ࡘ࠸࡚
ㄪᰝࡋ࡚࠸ࡿࠋ࣏ࢰࣛࣥ཯ᛂ⋡࡟ࡘ࠸࡚ࡣࠊᮦ㱋 1 ᪥࡛ࡣ 0%ࠊᮦ㱋 7࠿ࡽ 91᪥ࡲ࡛࡟ࡣ⣙ 12
㹼16%⛬ᗘ࡜࡞ࡗ࡚࠸ࡿࠋྠ◊✲࡛ࡣࠊࢭ࣓ࣥࢺࡢ୺ᡂศ࡛࠶ࡿ C3Sࡢ཯ᛂ⋡ࡶㄪᰝࡋ࡚࠾ࡾࠊ
ᮦ㱋 1᪥࡛ 62%ࠊᮦ㱋 7᪥࡛ 82%ࠊᮦ㱋 28᪥࡛ 86%ࠊᮦ㱋 91᪥࡛ 90%࡛࠶ࡾࠊFAࡢΰྜࡢ᭷
↓࡟࠿࠿ࢃࡽࡎ C3S ࡢ཯ᛂࡣ㐍⾜ࡍࡿࠋࡋࡓࡀࡗ࡚ࠊFA ࡢ࣏ࢰࣛࣥ཯ᛂࡣࠊࢭ࣓ࣥࢺࡢỈ࿴཯
ᛂ࡜ẚ㍑ࡋ࡚㠀ᖖ࡟㐜࠸ࡇ࡜ࡀࢃ࠿ࡿࠋ 
 ୍᪉ࠊ኱ἑࡽ 2-52)ࡣࠊ࢞ࣛࢫ໬⋡ 38.2%ࡢ FAࢆΰྜࡋࡓࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱࡢ㣴⏕ ᗘ࡟╔
┠ࡋࠊ20 ࠾ࡼࡧ 40Υࡢ⎔ቃ࡛㣴⏕ࡋࡓヨᩱࡢ࣏ࢰࣛࣥ཯ᛂ⋡ࢆ㑅ᢥ⁐ゎἲ࡟ࡼࡾồࡵ࡚࠸ࡿࠋ
➨ ❶ ᪤ ࡢ◊✲
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ࡑࡢ⤖ᯝࠊ20Υ࡛㣴⏕ࢆ⾜ࡗࡓヨᩱࡢ࣏ࢰࣛࣥ཯ᛂ⋡ࡣࠊᮦ㱋 7᪥࡛ࡣ࡯࡜ࢇ࡝཯ᛂࡏࡎࠊᮦ㱋
28᪥࡛ 3%⛬ᗘࠊᮦ㱋 500᪥࡛ FAࡢ࢞ࣛࢫ໬⋡┦ᙜࡀ཯ᛂࡍࡿ࡜㏙࡭࡚࠸ࡿࠋࡲࡓࠊ40Υ࡛㣴
⏕ࢆ⾜ࡗࡓヨᩱࡢ࣏ࢰࣛࣥ཯ᛂ⋡ࡣࠊᮦ㱋 56᪥࡛ FAࡢ࢞ࣛࢫ໬⋡┦ᙜࡀ཯ᛂࡋ࡚࠸ࡿࡓࡵࠊ࣏
ࢰࣛࣥ཯ᛂࡣ㣴⏕ ᗘ࡟ᙳ㡪ࢆཷࡅࡿࡇ࡜ࡀ♧ࡉࢀ࡚࠸ࡿࠋ 
FA ࡢ࢞ࣛࢫ໬⋡ࡀ࣏ࢰࣛࣥ཯ᛂ࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚ࠊᐑཎࡽ 2-53)ࡣ࢞ࣛࢫ໬⋡ࡢ␗࡞ࡿ FA
ࡢ࣏ࢰࣛࣥ཯ᛂ⋡ࢆ㑅ᢥ⁐ゎἲ࡛ᮦ㱋 500᪥ࡲ࡛ㄪᰝࡋ࡚࠸ࡿࠋᐇ㦂࡛ࡣࠊ࢞ࣛࢫ໬⋡ 38.2࠾ࡼ
ࡧ 76.6%ࡢ 2✀㢮ࡢ FAࢆΰྜࡋࡓࢭ࣓ࣥࢺ࣮࣌ࢫࢺ࡟ࡘ࠸᳨࡚ウࢆ⾜࠸ࠊ࢞ࣛࢫ໬⋡ࡀ㧗࠸ FA
࡛ࡣప࠸ FA ࡜ẚ㍑ࡋ࡚ⱝᖸ࣏ࢰࣛࣥ཯ᛂ⋡ࡀ኱ࡁ࠸࡜ሗ࿌ࡋ࡚࠸ࡿࠋࡉࡽ࡟ࠊ୍⯡ⓗ࡞ࢥࣥࢡ
࣮ࣜࢺࡢᅽ⦰ᙉᗘ⟶⌮ᮦ㱋࡛⏝࠸ࡿᮦ㱋 28࠾ࡼࡧ 91᪥ࡢ⠊ᅖ࡛ FAࡢ࣏ࢰࣛࣥ཯ᛂ⋡ࢆ᳨ウࡍ
ࡿሙྜࠊFAࡢ࢞ࣛࢫ໬⋡ࡢ┦㐪ࢆ⪃៖ࡍࡿᚲせࡣ࡞࠸࡜ࡋ࡚࠸ࡿࠋ 
 
 ࡑࡢ௚㸦ᾏእ࡟࠾ࡅࡿ )$ΰྜࡢ⪃࠼᪉㸧 
 ᪤ ࡢ◊✲ 2-54)࡟ࡼࢀࡤࠊࢥࣥࢡ࣮ࣜࢺ〇㐀᫬ࡢ࢚ࢿࣝࢠ࣮ᾘ㈝㔞ཎ༢఩࡛ࡣࠊ࢝ࢼࢲࡢ᪉ࡀ









































ࡢ㛵ಀ࡟ࡘ࠸࡚ࠊ ᗘ 40Υ࡛㣴⏕ࡋࡓሙྜࠊ ᗘ 20Υ࡛㣴⏕ࡋࡓሙྜࡢ 500 ᪥ࡢ࣏ࢰࣛࣥ
཯ᛂ࡜ྠ➼ࡢ཯ᛂࢆ 56᪥࡛㐩ᡂࡍࡿࠋ  
➨ ❶ ᪤ ࡢ◊✲



















2-9)    ➟஭ⰾኵ㸪ᑠᯘṇช㸸ࢭ࣓ࣥࢺ࣭ࢥࣥࢡ࣮ࣜࢺ⏝ΰ࿴ᮦ㸪ᢏ⾡᭩㝔㸪pp.91-93㸪1986.3 





















2-18) K. Ogawa㸪H. Uchikawa㸪K. Takemoto㸸THE MECHANISM OF HYDRATION IN 






2-21) ⚟␃࿴ே㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ஦๓ΰྜࡋࡓ○◁ࡢᐇ⏝໬࡟㛵ࡍࡿ◊✲㸪ࢥࣥࢡ
࣮ࣜࢺᕤᏛ㸪Vol.46㸪No.10㸪pp.19-26㸪2008.10 
2-22) ⚟␃࿴ே㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ஦๓ΰྜࡋࡓ○◁ࢆ⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢᇶᮏ≉
ᛶ࠾ࡼࡧ⎔ቃᛶ⬟ホ౯㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.31㸪No.1㸪pp.235-240㸪2009 




࡟ΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺ⏝ᮦᩱ FAࢧࣥࢻ 㸪ࠖpp.51-55㸪2010.8 
2-25) ఫᏛ㸪᱇ಟ㸪㙊⏣ⱥ἞㸸㧗ᙉᗘ࣐ࢫࢥࣥࢡ࣮ࣜࢺࣔࢹࣝෆ㒊ࡢ ᗘᒚṔࠊྵỈศᕸ࡜㛗
ᮇᙉᗘ㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌㞟㸪Vol.17㸪No.1㸪pp.1043-1048㸪1995 
2-26) ∾㔝┿அ㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ⏝࠸ࡓ࣐ࢫࢥࣥࢡ࣮ࣜࢺࡢㅖᛶ≧࡟㛵ࡍࡿ᳨ウ㸪
ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌㞟㸪Vol.20㸪No.2㸪pp.103-108㸪1998 
2-27) ⯪ᮏ᠇἞㸪௚ 4 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆෆ๭౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᬬ୰⎔ቃୗ࡟࠾ࡅࡿ
ㅖᛶ㉁࡟㛵ࡍࡿᐇ㦂ⓗ◊✲㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 531ྕ㸪pp.1-6㸪2000.5 
➨ ❶ ᪤ ࡢ◊✲







2-30) ụෆಇஅ㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ౑⏝ࡋࡓ࣐ࢫࢥࣥࢡ࣮ࣜࢺࡢᙉᗘⓎ⌧ᛶ࡜ㄪྜᙉ
ᗘࡢ⿵ṇ㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 560ྕ㸪pp.9-15㸪2002.10 
2-31) ᔞⱥ㞝㸪௚ 5 ྡ㸸࣐ࢫࢥࣥࢡ࣮ࣜࢺ㒊ᮦ࡟࠾ࡅࡿࣇࣛ࢖࢔ࢵࢩࣗࢥࣥࢡ࣮ࣜࢺࡢㅖᛶ㉁
࡟㛵ࡍࡿᐇ㦂ⓗ◊✲㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 619ྕ㸪pp.13-19㸪2007.9 














2-39) ᑠ᪩ᕝ┿㸪௚ 3 ྡ㸸Ỉẚ㸪ΰྜ⋡࠾ࡼࡧ㣴⏕ ᗘࡀࣇࣛ࢖࢔ࢵࢩࣗࡢ࣏ࢰࣛࣥ཯ᛂ࡟ཬ
ࡰࡍᙳ㡪㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌㞟㸪Vol.21㸪No.2㸪pp.121-126㸪1999 





- 32 - 
 
2002 
2-42) ࿋ᐩᰤ ௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᙉᗘⓎ⌧࡟ཬࡰࡍ㣴⏕ኚ໬
ࡢᙳ㡪㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.25㸪No.1㸪pp.569-574㸪2003 











2-48) ᴋ㈆๎㸪௚ 3 ྡ㸸㣴⏕᮲௳ࡀࣇࣛ࢖࢔ࢵࢩࣗࢥࣥࢡ࣮ࣜࢺ࡟ཬࡰࡍᙳ㡪ࡢ୍⪃ᐹ㸪ΰ࿴
ᮦࢆ✚ᴟⓗ࡟౑⏝ࡍࡿࢥࣥࢡ࣮ࣜࢺ࡟㛵ࡍࡿࢩ࣏ࣥࢪ࣒࢘ㄽᩥ㞟㸪(♫)᪥ᮏࢥࣥࢡ࣮ࣜࢺ
ᕤᏛ఍㸪pp.41-46㸪2011.12 









2-53) ᐑཎⱱ⚞ ௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗ㸫ࢭ࣓ࣥࢺ⣔ࡢỈ࿴཯ᛂ㸪ࢭ࣓ࣥࢺ࣭ࢥࣥࢡ࣮ࣜࢺ
ㄽᩥ㞟㸪No.54㸪pp.50-55㸪2000 



































































࡚ࡣ⤌⧊ࡢ⦓ᐦ໬࡜ Ca(OH)2ࡢῶᑡࡢ୧㠃࠿ࡽㄽࡌࡿᚲせࡀ࠶ࡿ࡜ᣦ᦬ࡉࢀ࡚࠸ࡿ 3-6),3-7)ࠋ 




࡟ࡼࡿ CaCO3⏕ᡂ㔞࠾ࡼࡧ FAࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡿ Ca(OH)2ࡢᾘ㈝≧ἣࢆㄪᰝࡋࡓࠋ 
 ࡲࡓࠊࢭ࣓ࣥࢺࡢỈ࿴཯ᛂ࠾ࡼࡧ FAࡢ࣏ࢰࣛࣥ཯ᛂࢆヲ⣽࡟ㄪᰝࡍࡿ┠ⓗ࡛ࠊFAࢆΰྜࡋࡓ







 ⾲ 3-1 ࠾ࡼࡧ⾲ 3-2 ࡟ࠊࢥࣥࢡ࣮ࣜࢺ〇㐀࡛౑⏝ࡋࡓᮦᩱ࠾ࡼࡧ≀ᛶࢆ♧ࡍࠋ⣽㦵ᮦ࡟ࡣࠊ○
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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◁ S1࡜ᕝ◁ S2ࢆ㉁㔞ẚ࡛ S1㸸S2㸻55㸸45ࡢ๭ྜ࡛ΰྜࡋࡓΰྜ◁㸦ΰྜᚋࡢ F.M.ࡣ 2.74㸧
ࢆ⏝࠸ࡓࠋ⢒㦵ᮦࡣ○▼ 5ྕ㸦⢏ᚄ 13㹼20mm㸧࡜○▼ 6ྕ㸦⢏ᚄ 5㹼13mm㸧ࢆ➼㔞ΰྜࡋ࡚
⏝࠸ࡓࠋ⾲ 3-1࡟ࡣࠊΰྜᚋࡢ⢒㦵ᮦࡢ≀ᛶ್ࢆ♧ࡋࡓࠋ 
 ⾲ 3-3࡟ࠊᮏᐇ㦂࡛౑⏝ࡋࡓ FAࡢရ㉁ࢆ♧ࡍࠋ᪤ ࡢ◊✲ 3-8),3-9)࡛ሗ࿌ࡉࢀ࡚࠸ࡿࡼ࠺࡟ࠊ⇞
ᩱ࡜࡞ࡿ▼Ⅳࡢ⏘ฟᅜࡸ⇞↝࣎࢖࣮ࣛ➼ࡢタഛࡢ㐪࠸࡟ࡼࡾ᤼ฟࡉࢀࡿ FA ࡢရ㉁ࡣ␗࡞ࡿࠋࡇ
ࡢࡓࡵࠊ⏕⏘ᆅࡢ␗࡞ࡿ FA ࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ࡛ࡣࠊᙉᗘࡸ୰ᛶ໬࡞࡝࡬ࡢᙳ㡪ࡀ␗࡞ࡿ
ࡇ࡜ࡀண᝿ࡉࢀࡿࡀࠊᮏ◊✲࡛ࡣࠊྠ୍Ⓨ㟁ᡤ࡛⏕⏘ࡉࢀࡓ JIS A 6201࡟つᐃࡉࢀࡿϩ✀࡟ヱᙜ
ࡍࡿ 1✀㢮ࡢ FAࡢࡳࢆ౑⏝ࡋࠊㄪྜࡸ㣴⏕᮲௳࡞࡝ࡢỈ‽ࢆᩘከࡃィ⏬ࡍࡿࡇ࡜࡜ࡋࡓࠋ 
 
⾲ 3-1 ࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱ࠾ࡼࡧ≀ᛶ 




ࣇࣛ࢖࢔ࢵࢩࣗ FA JIS A 6201 ϩ✀ ⯙㭯Ⓨ㟁ᡤ⏘ 
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ጞⓎ h-min 2-08 

















⾲ 3-3 ࣇࣛ࢖࢔ࢵࢩࣗࡢရ㉁ 
㡯  ┠ ヨ㦂್ 
≀  ᛶ 
ᐦᗘ㸦g/cm3㸧 2.25 



























 ⾲ 3-5 ࡟ࠊᅽ⦰ᙉᗘヨ㦂࡛⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢㄪྜࢆ♧ࡍࠋྛࢥࣥࢡ࣮ࣜࢺ࡟ඹ㏻ࡋ࡚ࠊ༢
఩Ỉ㔞ࢆ 175kg/m3ࠊ⢒㦵ᮦ࠿ࡉᐜ✚ࢆ 0.59m3/m3࡜ࡋࡓࠋࡲࡓࠊࣇࣞࢵࢩࣗࢥࣥࢡ࣮ࣜࢺࡢ┠









30 40 50 60 70 
Ỉ⤖ྜᮦẚ 
㸦%㸧 
30 0 33 67 㸫 㸫 
40 㸫 0 25 50 㸫 
50 㸫 㸫 0 20 40 
60 㸫 㸫 㸫 0 17 
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W C FA S1 S2 G Ad1 Ad2 Ad3 Ad4 
30PL 30 30 㸫 㸫 40 175 583 㸫 340 278 948 4.1 㸫 㸫 2.3 
40PL 
40 
40 㸫 㸫 44 
175 438 
㸫 406 332 
948 
㸫 3.5 2.6 㸫 
40FA33 30 33 25 38 146 313 256 3.5 㸫 㸫 23.3 
50PL 
50 
50 㸫 㸫 47 
175 350 
㸫 446 365 
948 
㸫 2.5 2.1 㸫 
50FA25 40 25 20 43 88 390 319 㸫 2.2 13.1 㸫 
50FA67 30 67 40 37 233 297 243 3.5 㸫 㸫 23.3 
60PL 
60 
60 㸫 㸫 48 
175 292 
㸫 472 386 
948 
㸫 5.3 3.5 㸫 
60FA20 50 20 17 46 58 435 356 㸫 1.6 12.3 㸫 
60FA50 40 50 33 43 146 379 310 㸫 2.6 19.7 㸫 
70PL 
70 
70 㸫 㸫 49 
175 250 
㸫 491 402 
948 
㸫 2.5 1.0 㸫 
70FA17 60 17 14 48 42 465 380 㸫 1.5 11.7 㸫 
70FA40 50 40 29 46 100 427 350 㸫 1.1 21.0 㸫 
ͤ⾲୰ࡢ Ad3࠾ࡼࡧ Ad4࡟ࡘ࠸࡚ࡣࠊཎᾮࢆ 100ಸ࡟ᕼ㔘ࡋࡓᾮయࡢῧຍ㔞ࢆ♧ࡋ࡚࠸ࡿࠋ 
 
㸦㸰㸧ಁ㐍୰ᛶ໬ヨ㦂࡛⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢㄪྜ
 ⾲ 3-6 ࡟ࠊಁ㐍୰ᛶ໬ヨ㦂࡛⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢㄪྜࢆ♧ࡍࠋㄪྜ᮲௳࡟ࡘ࠸࡚ࡣࠊᅽ⦰ᙉ
ᗘヨ㦂࡛⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺ࡜ྠᵝ࡛࠶ࡿࠋ 
 



















W C FA S1 S2 G Ad1 Ad2 Ad3 Ad4 
30PL 30 30 㸫 㸫 40 175 583 㸫 340 278 948 4.1 㸫 㸫 2.3 
40PL 
40 
40 㸫 㸫 44 
175 438 
㸫 406 332 
948 
㸫 3.5 2.6 㸫 
40FA33 30 33 25 38 146 313 256 3.5 㸫 㸫 23.3 
50PL 
50 
50 㸫 㸫 47 
175 350 
㸫 446 365 
948 
㸫 2.5 2.1 㸫 
50FA25 40 25 20 43 88 390 319 㸫 2.2 13.1 㸫 
50FA67 30 67 40 37 233 297 243 3.5 㸫 㸫 23.3 
60PL 
60 
60 㸫 㸫 48 
175 292 
㸫 472 386 
948 
㸫 5.3 3.5 㸫 
60FA20 50 20 17 46 58 435 356 㸫 1.6 12.3 㸫 
60FA50 40 50 33 43 146 379 310 㸫 2.6 19.7 㸫 
70PL 
70 
70 㸫 㸫 49 
175 250 
㸫 491 402 
948 
㸫 2.5 1.0 㸫 
70FA17 60 17 14 48 42 465 380 㸫 1.5 11.7 㸫 
70FA40 50 40 29 46 100 427 350 㸫 1.1 21.0 㸫 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ




㔞࡟ᑐࡍࡿእ๭ࡾ࡛ 25࠾ࡼࡧ 67%࡜ࡋࡓࠋ 
 









W C FA 
P50PL 0 
50 
50 0.50 1.00 㸫 
P50FA25 25 40 0.50 1.00 0.25 































ᑒ࠿ࢇ㣴⏕㸦 ᗘ Υ ‵ᗘ 5+㸧
 





ᅗ 3-1 ࢥࣥࢡ࣮ࣜࢺ〇㐀ࠊ㣴⏕࠾ࡼࡧᅽ⦰ᙉᗘヨ㦂ࡢ≧ἣ  
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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ᅽ⦰ᙉᗘヨ㦂 ಁ㐍୰ᛶ໬ヨ㦂 XRDศᯒ 
30PL 7 ۑ ۑ 㸫 
40PL 7 ۑ ۑ 㸫 
























⥅⥆ 㸫 㸫 
60PL 7 ۑ ۑ ۑ 
60FA20 7 ۑ ۑ ۑ 
60FA50 7 ۑ ۑ 㸫 
70PL 7 ۑ 㸫 㸫 
70FA17 7 ۑ 㸫 㸫 







ࡲ࡛ ᗘ 20Υࠊ‵ᗘ 60%RHࡢᐊෆ࡟㟼⨨ࡋࡓࠋᮦ㱋 56᪥࡟౪ヨయࡢ୰ᛶ໬῝ࡉ ᐃ㠃௨እࢆ
࢔࣑ࣝࢸ࣮ࣉ࡛ࢩ࣮ࣝࡋࠊJIS A 1153࡟ᚑࡗ࡚ CO2⃰ᗘ 5.0%ࠊ ᗘ 20Υࠊ‵ᗘ 60%RHࡢ⎔ቃ
࡛ಁ㐍୰ᛶ໬ヨ㦂ࢆ㛤ጞࡋࡓࠋ୰ᛶ໬῝ࡉࡢ ᐃࡣ JIS A 1152࡟‽ᣐࡋࠊಁ㐍ᮇ㛫 4ࠊ8ࠊ13࠾









Ẽ୰㣴⏕㸦 ᗘ Υ ‵ᗘ 5+㸧 

ಁ㐍୰ᛶ໬ヨ㦂
㸦&2⃰ᗘ  ᗘ Υ‵ᗘ 5+㸧 

౪ヨయࡢ๭⿣ 




ࡢ 2 ⟠ᡤࡼࡾヨᩱࢆ᥇ྲྀࡋࡓࠋ᥇ྲྀࡋࡓヨᩱࢆࣁ࣐࣮࡛ࣥ◚○ࡋࠊ5mm ࡢࡩࡿ࠸ࢆ㏻㐣ࡋ࡚
2.5mmࡢࡩࡿ࠸࡟␃ࡲࡿ኱ࡁࡉࡢ◚∦ࢆᢳฟࡋࡓࠋࡇࢀࢆ࢔ࢭࢺࣥ࡟ᾐₕࡋ࡚Ỉ࿴཯ᛂࢆ೵Ṇࡉ
ࡏࡓࠋࡉࡽ࡟ࠊ෾⤖┿✵஝⇱ᶵࢆ⏝࠸࡚ ᗘ-50Υࠊ┿✵ᗘ 7.0pa௨ୗࡢ᮲௳࡛஝⇱ࡉࡏࡓࠋࡇࡢ























ᅗ 3-3 XRDศᯒ࡟⏝࠸ࡓᶵჾ 
  
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ






ᮇ㛫ࡣࠊᘓ⠏ᕤ஦ᶆ‽௙ᵝ᭩࣭ྠゎㄝ JASS 5 㕲➽ࢥࣥࢡ࣮ࣜࢺᕤ஦ 3-2㸧࡟グ㍕ࡉࢀ࡚࠸ࡿࣇࣛ




ᮦ㱋 1ࠊ3ࠊ7ࠊ28࠾ࡼࡧ 91᪥࡟࠾࠸࡚෇ᰕ౪ヨయࢆࣁ࣐࣮࡛ࣥ 5mmࡢࡩࡿ࠸ࢆ㏻㐣ࡋ࡚ 2.5mm
ࡢࡩࡿ࠸࡟␃ࡲࡿ኱ࡁࡉࡢᑠ∦࡟◚○ࡋࠊࡇࢀࢆ࢔ࢭࢺࣥ࡟ᾐₕࡋ࡚Ỉ࿴཯ᛂࢆ೵Ṇࡉࡏࡓᚋࠊ






















ᅗ 3-4 ࢭ࣓ࣥࢺ࣮࣌ࢫࢺࡢᐇ㦂࡛౑⏝ࡋࡓヨᩱ࠾ࡼࡧᶵჾ➼ 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ






࡚ࠊᮦ㱋ึᮇ࠿ࡽ FA እ๭ࡾΰྜࡋࡓ 40FA33 ࡢᅽ⦰ᙉᗘࡀ 40PL ࡢᅽ⦰ᙉᗘࡼࡾ኱ࡁ࠸ࠋࡇࢀ
ࡣࠊFAΰྜ࡟ࡼࡿ⢊య㔞㸦ࢭ࣓ࣥࢺ࡜ FA㸧ࡢቑຍ࡟ࡼࡾࠊぢ࠿ࡅࡢỈࢭ࣓ࣥࢺẚࡀᑠࡉࡃ࡞ࡗ
ࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋᮦ㱋 28᪥௨㝆ࡢᙉᗘቑຍ࡟ࡘ࠸࡚ࡣࠊỈศࡢ౪⤥ࡀ༑ศ࡛࠶ࡿᶆ‽㣴⏕࡟
࠾࠸࡚ࠊ40FA33 ࠾ࡼࡧ 40PL ࡜ࡶ࡟ᙉᗘࡢቑຍࡀⴭࡋ࠿ࡗࡓࠋࡋ࠿ࡋࠊẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕
ᮇ㛫 7᪥㸧࡛ࡣࠊᮦ㱋 28᪥௨㝆ࡢᙉᗘቑຍࡀ೵⁫ࡋ࡚࠸ࡿࠋࡇࢀࡣࠊ⬺ᆺ࡟ࡼࡿỈศࡢ㐓ᩓࡀࢭ
࣓ࣥࢺࡢỈ࿴཯ᛂ࡜ FAࡢ࣏ࢰࣛࣥ཯ᛂࢆ೵⁫ࡉࡏࡓࡓࡵ࡜⪃࠼ࡽࢀࡿࠋỈࢭ࣓ࣥࢺẚ 50㸣࡛ࡣࠊ
40%ࡢሙྜ࡜ྠᵝ࡟ࠊFAእ๭ࡾΰྜ࡛࠶ࡿ 50FA25࠾ࡼࡧ 50FA67࡟࠾࠸࡚ᮦ㱋ึᮇ࠿ࡽ 50PL
ࡢᅽ⦰ᙉᗘࡼࡾ኱ࡁ࠸ࠋFAእ๭ࡾΰྜ⋡࡟╔┠ࡍࡿ࡜ࠊᶆ‽㣴⏕࠾ࡼࡧẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ
㛫 7᪥㸧࡜ࡶ࡟ 50FA25࡜ 50FA67ࡢᅽ⦰ᙉᗘ࡟㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ࡞࠾ࠊỈࢭ࣓ࣥ
ࢺẚ 60࠾ࡼࡧ 70%࡛ࡣ FAእ๭ࡾΰྜ࡟ࡼࡿᙉᗘቑຍࡣࠊỈࢭ࣓ࣥࢺẚ 40࠾ࡼࡧ 50%࡜ẚ㍑ࡋ
࡚ᑠࡉ࠸ࡶࡢ࡜࡞ࡗࡓࠋ 
 ᅗ 3-6 ࠾ࡼࡧᅗ 3-7 ࡟ࠊỈࢭ࣓ࣥࢺẚู࡟ศ㢮ࡋࡓᅽ⦰ᙉᗘࢆ♧ࡍࠋࡇࡇ࡛ࡣ FA ࢆእ๭ࡾΰ
ྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ㠃࠿ࡽ⪃ᐹࡍࡿࠋᮦ㱋 28᪥࡛ࡣࠊỈࢭ࣓ࣥࢺẚ 40࠾ࡼࡧ 50%ࡢ FAእ๭
ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡣ FA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡼࡾࡶ኱ࡁ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋࡇࢀࡣࠊFAࡢ࣏
ࢰࣛࣥ཯ᛂ࡟㉳ᅉࡍࡿࡶࡢ࡜⪃࠼ࡽࢀࠊ᪤ ࡢ◊✲ 3-4),3-10)࡟࠾࠸࡚ࡶ FA እ๭ࡾΰྜ⋡ࡢቑຍ࡜
࡜ࡶ࡟ᅽ⦰ᙉᗘࡀቑຍࡍࡿഴྥࡀ᫂ࡽ࠿࡟ࡉࢀ࡚࠸ࡿࠋࡇࡢഴྥࡣẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7
᪥㸧࡟࠾࠸࡚ࡶㄆࡵࡽࢀࡿࡀࠊᶆ‽㣴⏕ࡢ᪉ࡀ㢧ⴭ࡛࠶ࡗࡓࠋỈࢭ࣓ࣥࢺẚ 60࠾ࡼࡧ 70%ࡢ FA
እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡣ FA ↓ΰྜࢥࣥࢡ࣮ࣜࢺ࡜኱ᕪࡢ࡞࠸ᅽ⦰ᙉᗘࢆ♧ࡋࠊẼ୰㣴⏕㸦ᑒ
࠿ࢇ㣴⏕ᮇ㛫 7 ᪥㸧࡛ࡣ FA ↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘࢆୗᅇࡿሙྜࡶ࠶ࡗࡓࠋࡇࡢཎᅉ࡜




ᮦ㱋 91᪥࡛ࡣࠊỈࢭ࣓ࣥࢺẚ 40ࠊ50࠾ࡼࡧ 60%ࡢ FAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡀ FA↓ΰྜࢥ
ࣥࢡ࣮ࣜࢺࡼࡾࡶ኱ࡁ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋ≉࡟ࠊᶆ‽㣴⏕ࡋࡓሙྜࡣ FA እ๭ࡾΰྜࢥࣥࢡࣜ
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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࣮ࢺࡢᮦ㱋 28 ࠿ࡽ 91 ᪥ࡢᙉᗘቑຍࡀ኱ࡁ࠸ࠋ㛗ᮇ㛫࡟ࢃࡓࡾỈศࡀ౪⤥ࡉࢀࠊFA ࡢ࣏ࢰࣛࣥ
཯ᛂࡀάⓎ࡟㐍⾜ࡋࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊ50FA25 ࡜ 50FA67 ࡢᅽ⦰ᙉᗘࢆẚ㍑ࡍࡿ࡜ࠊ
FA እ๭ࡾΰྜ⋡ࡢቑຍ࡟క࠺ⴭࡋ࠸ᅽ⦰ᙉᗘࡢቑຍࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋࡇࡢཎᅉ࡜ࡋ࡚ࠊFA
እ๭ࡾΰྜ⋡ࡢቑຍ࡟ࡼࡾࢥࣥࢡ࣮ࣜࢺ 1m3ࢆ༨ࡵࡿ⢊య㔞ࡀከ㔞࡟࡞ࡿሙྜࠊᅽ⦰ᙉᗘࡢቑ㐍
ࡀ೵⁫ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿ 3-13)㹼3-15)ࠋࡉࡽ࡟ࠊ᪤ ࡢ◊✲ 3-16),3-17)࡛ࡣ FAࡢ࣏ࢰࣛࣥ཯ᛂࡣ
Ca(OH)2ࡢ⃰ᗘ࡜㔞࡟ᙳ㡪ࢆཷࡅࡿ࡜ࡉࢀࠊ50FA25 ࡜ 50FA67 ࡣྠࡌỈࢭ࣓ࣥࢺẚࠊࡍ࡞ࢃࡕ
Ca(OH)2ࡢ⃰ᗘ࡜㔞ࡣྠ➼࡜⪃࠼ࡽࢀࡿࡓࡵࠊ50FA67 ࡛ࡣᮍ཯ᛂࡢ FA ࡀከ㔞࡟Ꮡᅾࡋࠊ୧⪅
࡟ⴭࡋ࠸ᙉᗘᕪࡀ⏕ࡌ࡞࠿ࡗࡓ࡜᥎ᐹࡉࢀࡿࠋ୍᪉ࠊẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7 ᪥㸧࡛ࡣᮦ㱋
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㸦㸰㸧Ỉ⤖ྜᮦẚ:%࡜ᅽ⦰ᙉᗘ
 ᅗ 3-8࡟ࠊỈ⤖ྜᮦẚูࡢᮦ㱋࡜ᅽ⦰ᙉᗘࡢ㛵ಀࢆ♧ࡍࠋỈ⤖ྜᮦẚ 30%࡛ࡣࠊᶆ‽㣴⏕࡟࠾
࠸࡚ 30PLࡢᅽ⦰ᙉᗘࡀᮦ㱋 28᪥ࡲ࡛ࡢᙉᗘቑຍࡀⴭࡋ࠸ࡀࠊᮦ㱋 28᪥௨㝆࡛ࡣ FAෆ๭ࡾΰ
ྜ࡛࠶ࡿ 40FA33࠾ࡼࡧ 50FA67ᙉᗘቑຍࡀⴭࡋ࠸ࠋࡇࢀࡣࠊFA࡟ࡼࡿ࣏ࢰࣛࣥ཯ᛂࡀࢥࣥࢡࣜ
࣮ࢺ⤌⧊ࢆ⦓ᐦ໬ࡉࡏᙉᗘቑຍ࡟ᐤ୚ࡋࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ40FA33 ࡛ࡣ 30PL ࡜ྠ➼ࡢᅽ⦰
ᙉᗘࢆ♧ࡋࡓࠋࡋ࠿ࡋࠊẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7᪥㸧࡛ ࡣࠊᮦ㱋 28᪥௨㝆ࡢᙉᗘቑຍࡣ 40FA33
࠾ࡼࡧ 50FA67࡜ࡶ࡟ㄆࡵࡽࢀ࡞࠸ࠋFAࡢ࣏ࢰࣛࣥ཯ᛂࡣ‵₶㣴⏕ᮇ㛫ࡢᙳ㡪ࡀ㠀ᖖ࡟኱ࡁ࠸ࡇ
࡜ࡀࢃ࠿ࡿࠋỈ⤖ྜᮦ࡟ 40%࡛ࡣࠊ30%ࡢሙྜ࡜ྠᵝ࡟ᮦ㱋 28 ᪥௨㝆ࡢᙉᗘቑຍࡀ㢧ⴭ࡛࠶ࡗ
ࡓࠋ≉࡟ࠊ50FA25࡛ࡣࠊ40PL ࡢᅽ⦰ᙉᗘୖᅇࡗࡓࠋỈ⤖ྜᮦẚ 50࠾ࡼࡧ 60%࡛ࡣࠊFA ෆ๭
ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡟࠾࠸࡚ᮦ㱋 28᪥௨㝆ࡢᙉᗘቑຍࡀ㢧ⴭ࡛࠶ࡗࡓࠋẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ
㛫 7᪥㸧࡛ࡣࠊFAΰྜࡢ᭷↓࡟࠿࠿ࢃࡽࡎᙉᗘቑຍࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
 ᅗ 3-9࠾ࡼࡧᅗ 3-10࡟ࠊỈ⤖ྜᮦẚู࡟ศ㢮ࡋࡓᅽ⦰ᙉᗘࢆ♧ࡍࠋࡇࡇ࡛ࡣ FAࢆෆ๭ࡾΰྜ
ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ㠃࠿ࡽ⪃ᐹࡍࡿࠋᮦ㱋 28 ᪥࡛ࡣࠊࡍ࡭࡚ࡢ FA ෆ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡀ
FA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡼࡾࡶᑠࡉ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋᮦ㱋 28᪥ᙉᗘ࡟ᑐࡋ࡚ࠊෆ๭ࡾΰྜࡋ
ࡓ FAࡣࢭ࣓ࣥࢺ࡯࡝ࡢᙉᗘᐤ୚ຠᯝࢆⓎ᥹ࡋ࡞࠸ࡇ࡜ࡀࢃ࠿ࡿࠋ 
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㸦㸱㸧ᑒ࠿ࢇ㣴⏕ᮇ㛫ࡀ␗࡞ࡿሙྜࡢᅽ⦰ᙉᗘ
























ࡓ⤖ᯝࠊ0mm ࡛࠶ࡗࡓࠋᅗ 3-12 ࡟ࡣࠊಁ㐍୰ᛶ໬ᮇ㛫 26 㐌࡟࠾ࡅࡿヨ㦂⤖ᯝࢆ♧ࡍࠋỈࢭ࣓
ࣥࢺẚ 30%࡛ࡣࠊᶆ‽㣴⏕࠾ࡼࡧẼ୰㣴⏕(ᑒ࠿ࢇ㣴⏕ᮇ㛫 7 ᪥)࡜ࡶ࡟୰ᛶ໬῝ࡉࡣ 0mm ࡛࠶
ࡾࠊỈࢭ࣓ࣥࢺẚࡀ኱ࡁࡃ࡞ࡿ࡯࡝୰ᛶ໬῝ࡉࡶ኱ࡁࡃ࡞ࡿࡇ࡜ࡀࢃ࠿ࡿࠋ 
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ࢥࣥࢡ࣮ࣜࢺࡢ㠃࠿ࡽ⪃ᐹࡍࡿࠋỈࢭ࣓ࣥࢺẚ 40%࡛ࡣࠊ40PL ࡼࡾࡶ 40FA33 ࡢ᪉ࡀⱝᖸᑠࡉ
࡞୰ᛶ໬㏿ᗘಀᩘࢆ♧ࡋࡓࡀࠊ኱ᕪࡣ࡞࠸ࠋỈࢭ࣓ࣥࢺẚ 50%࡛ࡣࠊ50PL ࡼࡾࡶ 50FA25 ࡢ᪉
ࡀࠊᶆ‽㣴⏕࠾ࡼࡧẼ୰㣴⏕࡟ඹ㏻ࡋ࡚୰ᛶ໬㏿ᗘಀᩘࡀᑠࡉ࠸⤖ᯝ࡜࡞ࡗࡓࠋ3.3.1㸦1㸧࡟♧
ࡋࡓᅽ⦰ᙉᗘ࠿ࡽ᥎ ࡍࡿ࡜ࠊỈࢭ࣓ࣥࢺẚ 40࠾ࡼࡧ 50%࡛ࡣ FAࡢእ๭ࡾΰྜ࡟ࡼࡾᅽ⦰ᙉᗘ
ࡀቑຍࡋࡓࡇ࡜࠿ࡽࠊ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡿ⤌⧊ࡢ⦓ᐦ໬ࡀ㢧ⴭ࡟㐍⾜ࡋࡓ࡜⪃࠼ࡽࢀࡿࠋࡋ࠿ࡋࠊ




Ỉࢭ࣓ࣥࢺẚ 50%ࡢ FA እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡛ࡣ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡿ⤌⧊ࡢ⦓ᐦ໬࡟㉳ᅉࡋ
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ㄪྜグྕ ᶆ‽㣴⏕ Ẽ୰㣴⏕㸦ᑒ࠿ࢇ 7᪥㸧 
30PL 
  
Ave.(mm) 0 0 
Max(mm) 0 0 
Mini(mm) 0 0 
Ȫ(mm) 0 0 
40PL 
  
Ave.(mm) 3.4 8.0 
Max(mm) 9.0 12.9 
Mini(mm) 0.0 4.3 
Ȫ(mm) 2.3 2.5 
40FA33 
  
Ave.(mm) 4.1 7.5 
Max(mm) 7.2 13.1 
Mini(mm) 2.2 4.5 
Ȫ(mm) 1.3 1.9 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ




Ave.(mm) 10.8 14.4 
Max(mm) 17.1 23.4 
Mini(mm) 4.2 8.4 
Ȫ(mm) 3.2 4.3 
50FA25 
  
Ave.(mm) 7.6 12.1 
Max(mm) 10.9 16.9 
Mini(mm) 4.0 4.9 
Ȫ(mm) 1.8 3.6 
50FA67 
  
Ave.(mm) 9.0 13.7 
Max(mm) 11.7 19.6 
Mini(mm) 4.4 9.0 
Ȫ(mm) 2.2 2.6 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ




Ave.(mm) 14.3 17.3 
Max(mm) 19.1 26.9 
Mini(mm) 10.5 12.5 
Ȫ(mm) 2.1 3.5 
60FA20 
  
Ave.(mm) 16.6 21.3 
Max(mm) 21.7 27.3 
Mini(mm) 12.3 11.8 
Ȫ(mm) 2.6 3.6 
60FA50 
  
Ave.(mm) 15.0 21.1 
Max(mm) 19.9 27.3 
Mini(mm) 7.9 16.0 
Ȫ(mm) 2.9 2.8 
ᅗ 3-12 ಁ㐍୰ᛶ໬ᮇ㛫  㐌ࡢヨ㦂⤖ᯝ 
 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ



























































































ᅗ 3-14 Ỉ⤖ྜᮦẚ:%ู࡟ศ㢮ࡋࡓ୰ᛶ໬㏿ᗘಀᩘ 
 
㸦㸱㸧ᑒ࠿ࢇ㣴⏕ᮇ㛫࡜୰ᛶ໬㏿ᗘಀᩘࡢ㛵ಀ














ᅗ 3-15 ᑒ࠿ࢇ㣴⏕ᮇ㛫ࡢ㐪࠸࡟ࡼࡿ୰ᛶ໬㏿ᗘಀᩘࡢẚ㍑ 
 
3.55 
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 ; ⥺ᅇᢡศᯒ
 XRDศᯒ࡟ࡼࡾ ᐃࡋࡓᅇᢡᙉᗘ I㸦cps㸧ࢆෆ㒊ᶆ‽≀㉁MgOࡢᅇᢡᙉᗘ IMgO㸦cps㸧࡛㝖
ࡋ࡚ᅇᢡᙉᗘẚ㸦I/IMgO㸧ࢆồࡵࡓࠋࡉࡽ࡟ࠊศᯒ࡟౑⏝ࡋࡓヨᩱ࡟ࡣ㦵ᮦࡀྵࡲࢀࡿࡓࡵࠊ3.2.3
ࡢ㸦3㸧࡟♧ࡋࡓ᪉ἲ࡟ࡼࡾᅗ 3-16࡟♧ࡍࡼ࠺࡞᳨㔞⥺ࢆసᡂࡋࠊḟᘧࢆᚓࡓࠋ 






 ················································································· 㸦3-2㸧 











ᅗ 3-16 㦵ᮦྵ᭷⋡࡜ 6L2ࡢᅇᢡᙉᗘẚࡢ㛵ಀ 
 
 ᅗ 3-17࡟ࠊಁ㐍୰ᛶ໬ヨ㦂๓㸦ಁ㐍ᮇ㛫 0㐌㸧࠾ࡼࡧಁ㐍୰ᛶ໬ヨ㦂ᚋ㸦ಁ㐍ᮇ㛫 26㐌㸧࡟
࠾ࡅࡿCa(OH)2࠾ࡼࡧCaCO3ࡢ≉ᚩⓗ࡞ࣆ࣮ࢡࡀぢࡽࢀࡿ 2ȟ㸻17r㹼35rࡢศᯒ⤖ᯝࢆ♧ࡍࠋ







































ᙉᗘẚࡀ኱ࡁ࠸ࠋ50FA25 ࡜ 50PL ࡢ⾲㠃㒊࡟࠾ࡅࡿ CaCO3 ⿵ṇᅇᢡᙉᗘẚࢆẚ㍑ࡍࡿ࡜ࠊ
50FA25 ࡢ᪉ࡀᑠࡉ࠸ࠋࡇࢀࡣ FA ࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡾ Ca(OH)2ࡀᾘ㈝ࡉࢀࡓࡇ࡜࡟ຍ࠼ࠊ⤌
⧊ࡀ⦓ᐦ໬ࡉࢀ࡚୰ᛶ໬ࡢ㐍⾜ࢆᢚไࡋࡓࡇ࡜࡟ࡼࡿ࡜᥎ ࡉࢀࡿࠋࡲࡓࠊ60FA20 ࡜ 60PL ࡢ
⾲㠃㒊࡟࠾ࡅࡿ CaCO3⿵ṇᅇᢡᙉᗘẚࢆẚ㍑ࡍࡿ࡜ࠊ60FA20ࡢ᪉ࡀᑠࡉ࠸ࡶࡢࡢࠊࡑࡢᕪࡣỈ
ࢭ࣓ࣥࢺẚ 50%ࡢሙྜࡢࡼ࠺࡞኱ࡁ࡞ࡶࡢ࡛ࡣ࡞࠸ࠋࡍ࡞ࢃࡕࠊỈࢭ࣓ࣥࢺẚ 60%࡛ࡣࠊFA እ
๭ࡾΰྜ࡟ࡼࡿ⤌⧊ࡢ⦓ᐦ໬ࡣ㢧ⴭ࡛ࡣ࡞ࡃࠊ୰ᛶ໬㐍⾜ࢆᢚไࡍࡿຠᯝࡶ࠶ࡲࡾᮇᚅ࡛ࡁ࡞࠸











ᅗ 3-17 ;5' ศᯒ⤖ᯝ  



































































































 ᅗ 3-18ࠊᅗ 3-19࠾ࡼࡧᅗ 3-20࡟ XRDศᯒ⤖ᯝ࡜ࡋ࡚ࠊẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7᪥㸧ࡋ
ࡓࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱࡢỈ࿴཯ᛂ๓ࠊᮦ㱋 1ࠊ3ࠊ7ࠊ28࠾ࡼࡧ 91᪥ࡢ XRDᅇᢡࣃࢱ࣮ࣥࢆ♧
ࡍࠋ࡞࠾ࠊỈ࿴཯ᛂ๓࡜ࡣࠊࢭ࣓ࣥࢺ࠾ࡼࡧ FA ࢆ㉁㔞ẚ࡟࠾࠸࡚ 10㸸2.5 ࡲࡓࡣ 10㸸6.7 ࡛ΰ
ྜࡋࡓࡶࡢࢆࡼࡃ࠿ࡁΰࡐࠊỈࢆຍ࠼࡚࠸࡞࠸ヨᩱࡢศᯒ⤖ᯝ࡛࠶ࡿࠋࡲࡓࠊᅗ୰ࡢ⦪㍈࡟⏝࠸






















































ᅗ 3-19 P50FA25࡟࠾ࡅࡿ XRDᅇᢡࣃࢱ࣮ࣥ㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7᪥㸧 





























































ᅗ 3-20 P50FA67࡟࠾ࡅࡿ XRDᅇᢡࣃࢱ࣮ࣥ㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7᪥㸧 
 





100 ·············································································· 㸦3-3㸧 
 ࡇࡇ࡛ࠊRC3S㸸C3S ࡢỈ࿴཯ᛂ⋡㸦%㸧ࠊIC3S㸸ᮍỈ࿴ࡢ C3S ࡢᅇᢡᙉᗘẚࠊiIC3S㸸ᮦ㱋 i ᪥ࡢ
C3Sࡢᅇᢡᙉᗘẚ࡜ࡍࡿࠋ 
P50PL࡟࠾ࡅࡿ C3Sࡢ཯ᛂ⋡ࡣᮦ㱋 1᪥࡛ 67%ࠊ3᪥࡛ 71%ࠊ7᪥࡛ 84%ࠊ28᪥࡛ 88%ࠊ91
᪥࡛ 84%࡟࡞ࡗࡓࠋ୍᪉ࠊP50FA25࡟࠾ࡅࡿ C3Sࡢ཯ᛂ⋡ࡣࠊᮦ㱋 1᪥࡛ 52%ࠊ3᪥࡛ 79%ࠊ7
᪥࡛ 81%ࠊ28᪥࡛ 88%ࠊ91᪥࡛ 90%ࠊP50FA67࡟࠾ࡅࡿ C3Sࡢ཯ᛂ⋡ࡣࠊᮦ㱋 1᪥࡛ 63.2%ࠊ
3᪥࡛ 75.6%ࠊ7᪥࡛ 89.7%ࠊ28᪥࡛ 86.6%ࠊ91᪥࡛ 86.4%࡟࡞ࡾࠊFAࡢΰྜ࡟㛵ಀ࡞ࡃỈ࿴
཯ᛂࡣ㡰ㄪ࡟㐍⾜ࡋ࡚࠸ࡿࡇ࡜ࡀ☜ㄆࡉࢀࠋ࡞࠾ࠊP50PL࡛ࡣᮦ㱋 28᪥࠿ࡽ 91᪥࡟࠿ࡅ࡚ C3S
ࡢ཯ᛂ⋡ࡀ 4%పୗࡋࡓࡀࠊᮦ㱋 28᪥௨㝆࡛ࡣ C3Sࡢ཯ᛂࡀ࡯ࡰ೵Ṇࡋࡓࡶࡢ࡜᥎ᐹࡉࢀࡿࠋ 
 ᅗ 3-22ࡣࠊᑒ࠿ࢇ㣴⏕ᮇ㛫ࢆ 3᪥㛫ࠊ7᪥㛫࠾ࡼࡧ 10᪥㛫࡟࠾ࡅࡿ P50FA25ࡢ C3SࡢỈ࿴ 



































ᅗ 3-21 C3SࡢỈ࿴཯ᛂ⋡       ᅗ 3-22 P50FA25࡟࠾ࡅࡿᑒ࠿ࢇ㣴⏕ 
  (ᑒ࠿ࢇ㣴⏕ᮇ㛫 7᪥)         ᮇ㛫࡜ C3SࡢỈ࿴཯ᛂ⋡ 
 




ᅗ 3-23࡟ࠊᑒ࠿ࢇ㣴⏕ᮇ㛫ࢆ 7᪥㛫࡜ࡋࡓሙྜࡢ P50PL࡟ᑐࡍࡿ P50FA25ࡢ Ca(OH)2ṧᏑ
⋡ࢆ♧ࡍࠋࡇࡇ࡛ࡢṧᏑ⋡࡜ࡣྛᮦ㱋࡟࠾ࡅࡿ P50FA25 ࡢ Ca(OH)2ࡢᅇᢡᙉᗘẚࢆ P50PL ࡢ
Ca(OH)2ࡢᅇᢡᙉᗘẚ࡛㝖ࡋࡓ್ࢆⓒศ⋡࡛⾲ࡋࡓࡶࡢ࡛࠶ࡿࠋ࡞࠾ࠊP50PL࡜ P50FA25࡛ࡣࠊ
༢఩ࢭ࣓ࣥࢺ㔞ࡀ␗࡞ࡿࡓࡵࠊࢭ࣓ࣥࢺࡢỈ࿴཯ᛂࡢ㐣⛬࡛⏕ᡂࡉࢀࡿ Ca(OH)2㔞ࡀ␗࡞ࡿࠋࡑ
ࡇ࡛ࠊ༢఩ࢭ࣓ࣥࢺ㔞ࡢᕪ␗࡟ᛂࡌ࡚ࠊP50FA25 ࡢ Ca(OH)2ࡢᅇᢡᙉᗘẚࢆ⿵ṇࡋࡓࠋᮦ㱋 7
᪥࡛ࡣ Ca(OH)2ṧᏑ⋡ࡀ 100%࡛࠶ࡿࡓࡵࠊP50PL࡜ P50FA25ࡢ Ca(OH)2ࡢ⏕ᡂ๭ྜࡣྠ⛬ᗘ























































ᅗ 3-23 ྛᮦ㱋࡟࠾ࡅࡿ P50PL࡟ᑐࡍࡿ P50FA25ࡢ Ca(OH)2ṧᏑ⋡㸦ᑒ࠿ࢇ 7᪥㛫㸧 

㸦㸰㸧㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾࡟ࡼࡿほᐹ 






 ᅗ 3-25࡟ࠊP50FA25ࡢࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱࡢ SEM෗┿ࢆ♧ࡍࠋᮦ㱋 1᪥࡛ࡣࠊFAࡢ⾲㠃
࡟ࢭ࣓ࣥࢺỈ࿴⏕ᡂ≀ࡀ௜╔ࡋ࡚࠸ࡿࡀࠊ୧⪅ࡀᙉᅛ࡟⤖ྜࡍࡿ࡟ࡣ⮳ࡗ࡚࠸࡞࠸ࠋࡍ࡞ࢃࡕࠊ
ᙉᗘ࡬ࡢᐤ୚ຠᯝࡣᑡ࡞࠸ࡶࡢ࡜᥎ ࡉࢀࡿࠋᮦ㱋 28᪥࡛ࡣࠊFAࡢ⾲㠃࡟࣏ࢰࣛࣥ཯ᛂ⏕ᡂ≀






















































ᅗ 3-25 P50FA25ࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱࡢ SEM෗┿㸦ᑒ࠿ࢇ 7᪥㛫㸧 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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 ࡲ࡜ࡵ 












᪥㸧ࡋࡓሙྜࡣࠊᮦ㱋 28࠾ࡼࡧ 91᪥࡟ඹ㏻ࡋ࡚ࠊFAෆ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡣ FA↓ΰྜ
ࢥࣥࢡ࣮ࣜࢺࡼࡾࡶᑠࡉ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋ 
 
3) FA እ๭ࡾΰྜ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡬ࡢᙳ㡪ࢆㄪᰝࡋࡓ⤖ᯝࠊỈࢭ࣓ࣥࢺẚ 40%࡛
ࡣ FAእ๭ࡾΰྜࡢ᭷↓࡟ࡼࡿ኱ࡁ࡞㐪࠸ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋỈࢭ࣓ࣥࢺẚ 50%࡛ࡣࠊFA










5) XRD ศᯒ࡟ࡼࡗ࡚ࢥࣥࢡ࣮ࣜࢺ୰ࡢ Ca(OH)2࠾ࡼࡧ CaCO3ࢆㄪᰝࡋࡓ⤖ᯝࠊFA እ๭ࡾΰ
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ






6) ࢭ࣓ࣥࢺ࣮࣌ࢫࢺࡢ XRDศᯒ࡟࠾࠸࡚ࠊC3SࡢỈ࿴཯ᛂࡣ FAࡢΰྜࡢ᭷↓࡟࠿࠿ࢃࡽࡎ㡰
ㄪ࡟㐍⾜ࡍࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓࠋ 
 
7) ࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱࡢᑒ࠿ࢇ㣴⏕ᮇ㛫࡜ C3Sࡢ཯ᛂ࡟ࡘ࠸࡚ࠊᑒ࠿ࢇ㣴⏕ᮇ㛫ࡀ 3᪥㛫࡛
ࡣࠊ᪩ᮇ⬺ᆺ࡟ࡼࡿỈศࡢ㐓ᩓࡢᙳ㡪࡟ࡼࡾ㛗ᮇᮦ㱋࡟࠾࠸࡚Ỉ࿴཯ᛂࡀ೵⁫ࡋࡓࠋࡋ࠿ࡋࠊ
ᑒ࠿ࢇ㣴⏕ᮇ㛫 7࠾ࡼࡧ 10᪥㛫࡛ࡣࠊC3Sࡢ཯ᛂ࡟㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
 
8) FAࢆΰྜࡋࡓࢭ࣓ࣥࢺ࣮࣌ࢫࢺ࡛ࡣࠊᮦ㱋 7᪥௨㝆ࠊFAࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡗ࡚ Ca(OH)2
ࡀᾘ㈝ࡉࢀࡿഴྥࡀㄆࡵࡽࢀࡓࠋ 
 
















































3-19) ࿋ᐩᰤ ௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᙉᗘⓎ⌧࡟ཬࡰࡍ㣴⏕ኚ໬
ࡢᙳ㡪㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.25㸪No.1㸪pp.569-574㸪2003 
3-20) ࿴ἨពⓏᚿ㸸ࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿ◊✲-ࡑࡢ 1 㛵ᩘᘧࡢ࠶࡚ࡣࡵ࡜ᵓᡂᮦᩱ
ࡢᙳ㡪-㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥሗ࿌㞟㸪➨ 394ྕ㸪pp.17-26㸪1988.12 




3-23) ᮤᬡ㉪ ௚ 3 ྡ㸸ࢥࣥࢡ࣮ࣜࢺࡢึᮇᮦ㱋࡟࠾ࡅࡿ ᗘ࠾ࡼࡧ‵₶㣴⏕᮲௳ࡀ୰ᛶ໬㐍
⾜ᛶ࡟ཬࡰࡍᙳ㡪㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 703ྕ㸪pp.1215-1225㸪2014.9 
3-24) Ⲩ஭ᗣኵ㸸ࢭ࣓ࣥࢺࡢᮦᩱ໬Ꮫ㸪኱᪥ᮏᅗ᭩㸪pp.139-140㸪1984 























 )$ እ๭ࡾΰྜ࡟ࡼࡿ &D2+ᾘ㈝࡜୰ᛶ໬᢬ᢠᛶ
 ࢥࣥࢡ࣮ࣜࢺ୰ࡢ &D2+㔞࡜୰ᛶ໬㏿ᗘಀᩘ








➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 




































ᮦ㱋ึᮇ ⦓ᐦ໬࡜ &D2+ࡢᾘ㈝ &2౵ධࡢᢚไ
&D&2
)$
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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 )$ ΰྜ࡟ࡼࡿ୰ᛶ໬࡬ࡢᙳ㡪ࡢ✀㢮
 ࡇࡇ࡛ࡣࠊFA እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࢆྲྀࡾୖࡆࠊFA ↓ΰྜࢥࣥࢡ࣮ࣜࢺ࡟ FA ࢆእ๭ࡾΰ
ྜࡍࡿ࡜ࠊ୰ᛶ໬࡟࡝ࡢࡼ࠺࡞ᙳ㡪ࢆཬࡰࡍࡢ࠿࡜࠸࠺ほⅬ࠿ࡽࠊࡑࡢᙳ㡪ࢆᐃ㔞ⓗ࡟᳨ウࡍࡿࠋ
ࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬ࡣࢭ࣓ࣥࢺࡢỈ࿴཯ᛂ࡛⏕ᡂࡉࢀࡓ Ca(OH)2ࡀ኱Ẽ୰ࡢ CO2࡜཯ᛂࡋ࡚
CaCO3 ࡟ኚ໬ࡍࡿ⌧㇟࡛࠶ࡿࡀࠊFA እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡛ࡣ FA ࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡾ
Ca(OH)2ࡀᾘ㈝ࡉࢀࡿࡓࡵࠊFA↓ΰྜࢥࣥࢡ࣮ࣜࢺ࡜ẚ㍑ࡋ࡚୰ᛶ໬ࡢ㐍⾜ࡀ᪩࠸࡜⪃࠼ࡽࢀࡿࠋ











ಀᩘࡢ㛵ಀ࡟ࡘ࠸᳨࡚ウࡋࡓࠋᅗ 4-2࡟ࠊᶆ‽㣴⏕࠾ࡼࡧẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ 3ࠊ7࠾ࡼࡧ 10
᪥㸧ࡋࡓ FA ↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢᮦ㱋 28 ᪥࡟࠾ࡅࡿᅽ⦰ᙉᗘ࡜୰ᛶ໬㏿ᗘಀᩘࡢ㛵ಀࢆ♧ࡍࠋ




㱋 28᪥ࡢᅽ⦰ᙉᗘ f (N/mm2)࡜୰ᛶ໬㏿ᗘಀᩘ A (mm/Ҁ㐌)ࡢ㛵ಀࢆḟᘧ࡟ࡼࡾ⾲ࡋࡓࠋ 
A㸻af㸦 ଵ
ξ୤
㸫 bf 㸧 ················································································· 㸦4-1㸧 
 ࡇࡇ࡛ࠊaf࠾ࡼࡧ bf㸸ᐇ㦂ᐃᩘ࡜ࡍࡿࠋᮏ◊✲ࡢᐇ㦂⤖ᯝࢆ⏝࠸࡚ࠊFA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢ
୰ᛶ໬㏿ᗘಀᩘ APL (mm/Ҁ㐌)࡟㛵ࡍࡿᐇ㦂ᐃᩘ af࠾ࡼࡧ bfࢆ᭱ᑠ஧஌ἲࡼࡾồࡵࡓ࡜ࡇࢁࠊaf
㸻72ࠊbf㸻0.12࡜࡞ࡗࡓࠋ 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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 ࡉࡽ࡟ࠊᅗ 4-3࡟ࠊFAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡢᮦ㱋 28᪥ࡢᅽ⦰ᙉᗘ࡜୰ᛶ໬㏿ᗘಀᩘࡢ㛵
ಀࢆ♧ࡍࠋ㸦4-1㸧ᘧ࡟ᚑࡗ࡚ FAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬㏿ᗘಀᩘ AFA (mm/Ҁ㐌)࡟㛵ࡍ
ࡿᐇ㦂ᐃᩘ af࠾ࡼࡧ bfࡢ್ࢆồࡵࡓ࡜ࡇࢁࠊaf㸻73ࠊbf㸻0.11࡜࡞ࡗࡓࠋ 





➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 

























ᅗ 4-3 )$ እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ࡜୰ᛶ໬㏿ᗘಀᩘ 

 ᙉᗘቑຍࡀ୰ᛶ໬࡟ཬࡰࡍᙳ㡪































































➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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ࣝ໬ࡋࡓࡶࡢ࡛࠶ࡿࠋᅗ୰ࡢ Pࡣࠊ⌮ㄽⓗ࡟ࡣ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡗ࡚ࢥࣥࢡ࣮ࣜࢺ୰ࡢ Ca(OH)2





























➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 















































































➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ 
40PL 53.2㻌 50.1㻌 1.27㻌 1.57㻌 㸫㻌 㸫㻌
40FA33 63.7㻌 59.0㻌 0.41㻌 0.77㻌 -0.85㻌 -0.80㻌
50PL 40.8㻌 39.1㻌 2.67㻌 2.92㻌 㸫㻌 㸫㻌
50FA25 50.5㻌 45.8㻌 1.53㻌 2.04㻌 -1.14㻌 -0.88㻌
50FA67 54.9㻌 44.8㻌 1.11㻌 2.16㻌 -1.56㻌 -0.76㻌
60PL 37.7㻌 36.3㻌 3.13㻌 3.35㻌 㸫㻌 㸫㻌
60FA20 35.8㻌 31.3㻌 3.44㻌 4.28㻌 0.31㻌 0.92㻌
60FA50 39.9㻌 35.5㻌 2.80㻌 3.49㻌 -0.33㻌 0.13㻌
ͤẼ୰㣴⏕㸸ᑒ࠿ࢇ㣴⏕ᮇ㛫ࢆ 7᪥࡜ࡍࡿࠋ 

 )$ እ๭ࡾΰྜ࡟ࡼࡿ &D2+ᾘ㈝࡜୰ᛶ໬᢬ᢠᛶ
 ࢥࣥࢡ࣮ࣜࢺ୰ࡢ &D2+㔞࡜୰ᛶ໬㏿ᗘಀᩘ
 Ca(OH)2ࡣࠊ୺࡟ࢭ࣓ࣥࢺࡢ୺ᡂศ࡛࠶ࡿ C3S࠾ࡼࡧ C2SࡢỈ࿴཯ᛂ࡟ࡼࡾ⏕ᡂࡉࢀࡿࠋࡑࡢ
཯ᛂࡣࠊḟࡢࡼ࠺࡞໬Ꮫᘧ࡛⾲ࡏࡿ 4-7)ࠋ 
2C3S + 6H Ѝ C3S2H3 + 3CH ·············································· 㸦4-3㸧 
ศᏊ㔞   456    108    342   222 
2C2S + 4H Ѝ C3S2H3 + CH················································ 㸦4-4㸧 
ศᏊ㔞    344    72    342   74 
 ࡇࡇ࡛ࠊC㸸CaOࠊS㸸SiO2ࠊH㸸H2OࠊCH㸸Ca(OH)2࡜ࡍࡿࠋࡇࢀࡼࡾࠊFA↓ΰྜࢥࣥࢡࣜ
࣮ࢺ୰ࡢ Ca(OH)2ࡢ㔞 chPL㸦kg/m3㸧ࡣḟᘧ࡟ࡼࡾ⾲ࡉࢀࡿࠋ 
chPL㸻222/456㺃C㺃hA㺃RA /100 + 74/344㺃C㺃hB㺃RB /100 ········································ 㸦4-5㸧 
 ࡇࡇ࡛ࠊC㸸༢఩ࢭ࣓ࣥࢺ㔞㸦kg/m3㸧ࠊhA࠾ࡼࡧ hB㸸ࢭ࣓ࣥࢺ୰ࡢ C3S ࠾ࡼࡧ C2S ࡢ㉁㔞๭
ྜࠊRA࠾ࡼࡧ RB㸸C3S ࠾ࡼࡧ C2S ࡢỈ࿴཯ᛂ⋡㸦%㸧࡜ࡍࡿࠋỈ࿴཯ᛂ⋡࡟ࡘ࠸࡚ࡣࠊᮏ◊✲
࡛ᐇ ࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠿ࡗࡓࡓࡵࠊ᪤ ࡢ◊✲ 4-8)㹼4-11)ࢆཧ⪃࡟ࡋ࡚ᶆ‽㣴⏕ࡢᮦ㱋 28᪥࡟࠾
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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 㸫 bCH 㸧 ·········································································· 㸦4-6㸧 
ࡇࡇ࡛ࠊch㸸ࢥࣥࢡ࣮ࣜࢺ୰ࡢ Ca(OH)2㔞㸦kg/m3㸧ࠊaCH࠾ࡼࡧ bCH㸸ᐇ㦂ᐃᩘ࡜ࡍࡿࠋ 














































➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
- 84 - 
 
 )$ እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ୰ࡢ &D2+㔞࡜୰ᛶ໬㏿ᗘಀᩘ
 FA እ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡛ࡣࠊ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡿ Ca(OH)2ࡢᾘ㈝㔞ࢆ⪃៖ࡍࡿᚲせࡀ࠶
ࡿࠋFA㸦SiO2ࠊAl2O3࠾ࡼࡧ CaOࢆ୺ᡂศ࡜ࡋࠊ⤌ᡂ๭ྜࡣ➨ 3❶ࡢ⾲ 3-3࡟♧ࡍ㸧ࡢ࣏ࢰࣛࣥ
཯ᛂࡣࠊḟࡢ໬Ꮫᘧ࡛⾲ࡏࡿ 4-7)ࠋ 
FA(10.3S+2.5A+0.3C)+18.5CH+36.7HЍ10.3C1.1SH3.9+2.5C3AH6 ············ 㸦4-7㸧 
ศᏊ㔞ࡢẚ 1.00             1.37GFA  0.66GFA   1.98GFA  0.95GFA 
 ࡇࡇ࡛ࠊA㸸Al2O3ࠊGFA㸸FA ࡢ࢞ࣛࢫ┦ࡢ๭ྜࢆ♧ࡍࠋࡇࢀ࡟ࡼࡾࠊ1kg ࡢ FA ࡀᾘ㈝ࡍࡿ
Ca(OH)2ࡢ㔞ࡣ 1.37GFA kg࡜࡞ࡾࠊFAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ୰ࡢ Ca(OH)2㔞 chFA㸦kg/m3㸧
ࡣࠊḟᘧ࡟ࡼࡾ⾲ࡍࡇ࡜ࡀ࡛ࡁࡿࠋ 
chFA㸻chPL㸫1.37GFA㺃FA㺃RFA /100 ···························································· 㸦4-8㸧 










 㸧× RFA(W) ······································································· 㸦4-9㸧 
 ࡇࡇ࡛ࠊRFA(D)㸸Ẽ୰㣴⏕࡟࠾ࡅࡿ࣏ࢰࣛࣥ཯ᛂ⋡㸦%㸧ࠊԥfD㸸Ẽ୰㣴⏕࡟࠾ࡅࡿᮦ㱋 28᪥ࡢ
FAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡜ FA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢᙉᗘᕪ㸦N/mm2㸧ࠊԥfW㸸ᶆ‽㣴⏕࡟࠾
ࡅࡿᮦ㱋 28᪥ࡢ FAእ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺ࡜ FA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢᙉᗘᕪ㸦N/mm2㸧࡜ࡍ
ࡿࠋ㸦4-9㸧ᘧࡼࡾ RFA(D)ࢆィ⟬ࡋࡓ⤖ᯝࠊ40FA33࡛ࡣ 2.5%ࠊ50FA25࡛ࡣ 2.1%ࠊ50FA67࡛ࡣ
1.2%ࠊ60FA20࠾ࡼࡧ 60FA50࡛ࡣ࣐࢖ࢼࢫࡢ್ࡀ⟬ฟࡉࢀࡓࡓࡵࠊ0%࡜ࡋࡓࠋ 
 ⾲ 4-2࡟ࠊ㸦4-5㸧ᘧ࠾ࡼࡧ㸦4-8㸧ᘧࢆ⏝࠸࡚ࢥࣥࢡ࣮ࣜࢺ୰ࡢ Ca(OH)2㔞ࢆィ⟬ࡋࡓ⤖ᯝࢆ♧
ࡍࠋ࡞࠾ࠊFA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢẼ୰㣴⏕࡟࠾ࡅࡿ C3S࠾ࡼࡧ C2SࡢỈ࿴཯ᛂ⋡࡟ࡘ࠸࡚ࡣࠊ
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 














ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ 
40PL 109㻌 96㻌 0.97㻌 1.55㻌 㸫㻌 㸫㻌
40FA33 89㻌 79㻌 1.22㻌 1.81㻌 0.25㻌 0.26㻌
50PL 87㻌 71㻌 2.02㻌 3.11㻌 㸫㻌 㸫㻌
50FA25 75㻌 62㻌 2.23㻌 3.31㻌 0.21㻌 0.20㻌
50FA67 55㻌 58㻌 2.61㻌 3.42㻌 0.60㻌 0.31㻌
60PL 73㻌 60㻌 2.96㻌 4.09㻌 㸫㻌 㸫㻌
60FA20 65㻌 60㻌 3.14㻌 4.09㻌 0.18㻌 0.00㻌







 ᅗ 4-7ࡣྠࠊ ࡌỈࢭ࣓ࣥࢺẚࡢࡶ࡜ࠊFA/C࡜ FAࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡿ Ca(OH)2ࡢᾘ㈝࡟ࡼࡿ











 㸧 ·········································· 㸦 4-10㸧 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 













ᅗ 4-8 ࢥࣥࢡ࣮ࣜࢺ୰ࡢ &D2+㔞࡜୰ᛶ໬㏿ᗘಀᩘࡢ㛵ಀ

 ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡿᙉᗘቑຍ࡜ &D2+ᾘ㈝ࢆ⪃៖ࡋࡓ୰ᛶ໬᢬ᢠᛶࡢ⥲ྜホ౯






AFA㸻APL㸩㸦ԥA1㸩ԥA2㸧 ···································································· 㸦 4-11㸧 































➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 













ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ 
40PL 㸫㻌 㸫㻌 1.27㻌 1.57㻌 0.64 1.55 
40FA33 -0.60㻌 -0.54㻌 0.67㻌 1.03㻌 0.60 1.47 
50PL 㸫㻌 㸫㻌 2.67㻌 2.92㻌 1.99 3.11 
50FA25 -0.93㻌 -0.68㻌 1.74㻌 2.24㻌 1.53 2.59 
50FA67 -0.96㻌 -0.45㻌 1.71㻌 2.47㻌 1.86 3.10 
60PL 㸫㻌 㸫㻌 3.13㻌 3.35㻌 3.10 4.09 
60FA20 0.49㻌 0.92㻌 3.62㻌 4.28㻌 3.67 4.67 



































➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 
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 ࡲ࡜ࡵ



















➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡟㛵ࡍࡿᙳ㡪ศᯒ 








4-3) K. Ogawa㸪H. Uchikawa㸪K. Takemoto㸸THE MECHANISM OF HYDRATION IN THE 













4-10) ᯇୗဴ㑻 ௚ 3 ྡ㸸࣮ࣜࢺ࣋ࣝࢺゎᯒ࡟ࡼࡿࢭ࣓ࣥࢺࡢỈ࿴཯ᛂࡢᐃ㔞ゎᯒ㸪᪥ᮏᘓ⠏Ꮫ
఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 623ྕ㸪pp.1-8㸪2008.1 
4-11) ୸ᒣ୍ᖹ ௚ 4ྡ㸸࢚࣮ࣛ࢖ࢺ࠾ࡼࡧࣅ࣮ࣛ࢖ࢺࡢỈ࿴཯ᛂ㏿ᗘ࡟㛵ࡍࡿ◊✲-࣏ࣝࢺࣛࣥ
ࢻࢭ࣓ࣥࢺࡢỈ࿴ᶵᵓ࡟㛵ࡍࡿ◊✲ ࡑࡢ 1-㸪᪥ᮏᘓ⠏Ꮫ఍ᵓ㐀⣔ㄽᩥ㞟㸪➨ 650 ྕ㸪
pp.681-688㸪2010.4 






























































- 93 - 
 
 ⣽㦵ᮦࡢ୍㒊࡜ࡋ࡚⏝࠸ࡓ )$ΰྜࡢ⪃࠼᪉ 
᭱ึ࡟ࠊ⣽㦵ᮦࡢᚤ⢏ศ⿵᏶࡜ࡋ࡚ FAࢆΰྜࡍࡿ㝿ࡢᇶᮏⓗ࡞⪃࠼᪉ࢆᩚ⌮ࡍࡿࠋFAࢆ⣽㦵
ᮦࡢ୍㒊࡜ࡋ࡚ΰྜࡍࡿࡶࡢࡣࠊFA࡟ᮇᚅࡍࡿᙺ๭ࡣ␗࡞ࡿࡶࡢࡢࠊ⦎ΰࡐᚋࡢࢥࣥࢡ࣮ࣜࢺ୰
࡛ࡢ FA ࡢ఩⨨௜ࡅ࡟ࡘ࠸࡚ࡣ FA እ๭ࡾΰྜ࡜ྠࡌ࡛࠶ࡿࠋ≉࡟ࠊࢥࣥࢡ࣮ࣜࢺ〇㐀᫬࡟ࠊFA
ࢆΰ࿴ᮦᩱࡲࡓࡣ⣽㦵ᮦࡢ୍㒊࡜ࡋ࡚ࠊ௚ࡢᮦᩱ࡜ྠ᫬࡟ΰྜ㸦௨㝆ࠊྠ᫬ΰྜ࡜⾲グ㸧ࡍࡿሙ
ྜࡣࠊFA࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺᙉᗘ࡬ࡢᙳ㡪࡟ᕪ␗ࡣ࡞࠸࡜⪃࠼ࡽࢀࡿࠋ 












 ⾲ 5-1࠾ࡼࡧ⾲ 5-2 ࡟ࠊࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱࡢ✀㢮࠾ࡼࡧ≀ᛶࢆ♧ࡍࠋᅗ 5-1 ࡟ࡣࠊᐇ㦂
࡟౑⏝ࡋࡓ㦵ᮦࢆ♧ࡍࠋFASࢆ⣽㦵ᮦ࡜ࡋ࡚౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧ࡢ᳨ウ࡛ࡣࠊ
⣽㦵ᮦ࡜ࡋ࡚○◁ S1࠾ࡼࡧ FASࢆ౑⏝ࡋࡓࠋᅗ 5-2࡟ FAS〇㐀ࡢᵝᏊࢆ♧ࡍࠋFAS࡟ࡘ࠸࡚
ࡣࠊ᪤ ࡢ◊✲ 5-7),5-8)ࢆཧ⪃࡟ࠊᐜ㔞 100ࣜࢵࢺࣝࡢࣃࣥᆺ࣑࢟ࢧ࡛○◁࡜ FAࢆ 30⛊㛫࢝ࣛ⦎
ࡾࡋࠊࡑࡢᚋࠊỈࢆὀỈࡋ࡚ 2 ศ 30 ⛊㛫⦎ࡾΰࡐࡓࠋ࡞࠾ࠊFAS 〇㐀᫬࡟ὀỈࡋࡓࡢࡣࠊFAS
ಖ⟶᫬࡟ FA ࡢ㣕ᩓ㜵Ṇࢆ┠ⓗ࡜ࡋࡓࡶࡢ࡛࠶ࡾࠊᮏᐇ㦂࡟࠾ࡅࡿ⾲㠃Ỉ⋡ࡣ 5%ࢆ┠ᶆ࡜ࡋࡓࠋ
〇㐀ᚋࡢ FASࡣࠊᶞ⬡〇ࢥࣥࢸࢼ㸦ᐜ㔞 500ࣜࢵࢺࣝ㸧࡟ධࢀ࡚ࠊୖ㠃ࢆ‵ᕸ࠾ࡼࡧࣅࢽࣝࢩ࣮
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ࡓࠋ᭱኱⢏ᚄࡣ 20mm࡛࠶ࡾࠊ⾲ 5-1࡟♧ࡍ್ࡣΰྜᚋࡢ≀ᛶ್࡛࠶ࡿࠋ 
 
 
⾲ 5-1 ࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱ࠾ࡼࡧ≀ᛶ 
ᮦᩱ グྕ ✀㢮࠾ࡼࡧ≀ᛶ 
ࢭ࣓ࣥࢺ C 
ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ  ᐦᗘ:3.16g/cm3 
ẚ⾲㠃✚:3310cm2/g 
ࣇࣛ࢖࢔ࢵࢩࣗ FA JIS A 6201 ϩ✀  ⯙㭯Ⓨ㟁ᡤ⏘ 



















⾲ 5-2 ࣇࣛ࢖࢔ࢵࢩࣗࡢရ㉁ 
㡯  ┠ ヨ㦂್ 
≀  ᛶ 
ᐦᗘ㸦g/cm3㸧 2.25 

































ᅗ 5-1 ᐇ㦂࡟౑⏝ࡋࡓᮦᩱ 
 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧














)$6 ࡢ 6(0 ෗┿㸦ಖ⟶ᮇ㛫㸸᪥㸧 




- 97 - 
 
 ࢥࣥࢡ࣮ࣜࢺࡢㄪྜ
 ࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧ヨ㦂࡟࠾ࡅࡿࢥࣥࢡ࣮ࣜࢺࡢㄪྜࢆ⾲ 5-3 ࡟♧ࡍࠋࡇࡇ࡛ࡣࠊ




ࡔࡋࠊ༢఩Ỉ㔞ࡣ 175kg/m3ࠊ⢒㦵ᮦࡢ࠿ࡉᐜ✚ࡣ 0.59m3/m3࡜ࡋࠊࡍ࡭࡚ࡢㄪྜ࡛⤫୍ࡋࡓࠋ 
 















W C FA S1 S2 FAS G Ad1 Ad2 Ad3 Ad4 
F 40PL 㸫 㸫 
40 44 175 438 
㸫 741 㸫 㸫 
948 
㸫 3.9 3.1 㸫 
F 40FAS 10 (17) (73) (657) 㸫 730 㸫 5.1 17.9 㸫 
F 50PL 㸫 㸫 
50 47 175 350 
㸫 814 㸫 㸫 
948 
㸫 3.2 2.5 㸫 
F 50FAS 10 (23) (80) (721) 㸫 801 㸫 3.0 17.2 㸫 
F 60PL 㸫 㸫 
60 48 175 292 
㸫 862 㸫 㸫 
948 
㸫 2.6 2.0 㸫 




࡚ 15⛊㛫ࡢ࢝ࣛ⦎ࡾࢆࡋࡓࠋࡑࡢᚋࠊỈࢆධࢀ࡚ 60⛊㛫⦎ࡾΰࡐࠊࡉࡽ࡟⢒㦵ᮦࢆᢞධࡋ࡚ 60












 ⾲ 5-4࠾ࡼࡧᅗ 5-3࡟ࠊࢫࣛࣥࣉヨ㦂࡟㛵ࡍࡿᐇ㦂⤖ᯝࢆ♧ࡍࠋỈࢭ࣓ࣥࢺẚ 40%࡟࠾࠸࡚ࠊ
F40PL࡛ࡣ୍㒊࡟ࢫࣛࣥࣉࡢᔂቯࡀㄆࡵࡽࢀࡓࡀࠊF40FAS࡛ࡣ㐺ᗘ࡞⢓ᛶࡀ࠶ࡾࠊࢫࣛࣥࣉᚋ
ࡢᙧ≧ࡣⰋዲ࡛࠶ࡗࡓࠋ࡞࠾ࠊỈࢭ࣓ࣥࢺẚ 40%࡛ࡣ༢఩⢊య㔞ࡀ 400kg/m3௨ୖ࡛࠶ࡾࠊF40FAS
࠾ࡼࡧ F40PL ࡜ࡶ࡟ᮦᩱศ㞳ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ୍᪉ࠊỈࢭ࣓ࣥࢺẚ 50 ࠾ࡼࡧ 60%࡛ࡣࠊ
F50PL ࠾ࡼࡧ F60PL ࡛ࢫࣛࣥࣉヨ㦂ᚋࡢᙧ≧ࡀᔂቯࡍࡿ࡜ࡶ࡟⢒㦵ᮦࡀศ㞳ࡍࡿഴྥࡀㄆࡵࡽ




⏝ࡍࡿࡇ࡜࡟ࡼࡿຠᯝࡣᑡ࡞࠸ࠋࡋ࠿ࡋࠊỈࢭ࣓ࣥࢺẚ 50 ࠾ࡼࡧ 60%ࡢ༢఩⢊య㔞ࡀᑡ࡞࠸ㄪ
ྜ࡛ࡣࠊFAS࡟ྵࡲࢀࡿ FA࡟ࡼࡾࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧࡟࠾ࡅࡿຠᯝࡀ☜ㄆ࡛ࡁࡓࠋ 
 



















3.9 3.1 18.5 5.0 19.0 2.32 
F 40FAS 5.1 17.9 18.5 5.6 18.5 2.30 
F 50PL 
50 47 
3.2 2.5 17.0 4.5 18.0 2.33 
F 50FAS 3.0 17.2 19.0 5.2 17.0 2.31 
F 60PL 
60 48 
2.6 2.0 17.5 4.1 19.0 2.32 












ᅗ 5-3 ࢫࣛࣥࣉヨ㦂ᚋࡢࢥࣥࢡ࣮ࣜࢺࡢᵝᏊ 
  
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢࣇࣞࢵࢩࣗᛶ≧

















































































5-1) Ώ㎶ᘓ἞㸪௚ 3 ྡ㸸⣽㦵ᮦࢆ⢒⢊ࣇࣛ࢖࢔ࢵࢩ࡛ࣗ⨨᥮ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᇶ♏≀ᛶ㸪
ࢭ࣓ࣥࢺ࣭ࢥࣥࢡ࣮ࣜࢺㄽᩥ㞟㸪No.54㸪pp.258-263㸪2000 
5-2) ఀ⸨ᬛ❶㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ⣽㦵ᮦࡢ୍㒊࡟⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢᙉᗘ࠾ࡼࡧ
⪏ஂᛶ㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.22㸪No.2㸪pp.217-222㸪2000 
5-3) ᯈ஭▱᫂㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆ⣽㦵ᮦࡢ୍㒊࡜⨨᥮ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢㅖ≉ᛶ㸪
ࢥࣥࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥ㞟㸪Vol.23㸪No.2㸪pp.109-114㸪2001 













































 )$6 ࡟ྵࡲࢀࡿ )$ ࡀᅽ⦰ᙉᗘ࡬ཬࡰࡍᙳ㡪
 
 
㸦㸧)$6 ྵࡲࢀࡿ )$ ࡢᙉᗘᐤ୚ຠᯝ
㸦㸧)$ ࡢᙉᗘᐤ୚⋡࡜ࢭ࣓ࣥࢺ㔞ࡢ㛵ಀ





 )$6 ࡟ྵࡲࢀࡿ )$ ࡀ୰ᛶ໬࡬ཬࡰࡍᙳ㡪
㸦㸧)$ ࡢ୰ᛶ໬᢬ᢠᐤ୚⋡
㸦㸧)$ ࡢ୰ᛶ໬᢬ᢠᐤ୚⋡࡜ᙉᗘᐤ୚⋡ࡢ㛵ಀ
 )$6 ࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ ;⥺ᅇᢡศᯒ
㸦㸧ࢥࣥࢡ࣮ࣜࢺヨᩱࡢ ;5' ศᯒ⤖ᯝ
㸦㸧&D2+ṧᏑ⋡࡜ &D&2⏕ᡂ⋡ࡢẚ㍑




 )$6 ࢥࣥࢡ࣮ࣜࢺ࡟࠾ࡅࡿ &D2+ᾘ㈝ࡀ୰ᛶ໬࡟ཬࡰࡍᙳ㡪










































 ᮏ❶ࡣࠊ⾲ 6-1 ࡛♧ࡍࡼ࠺࡟ࢥࣥࢡ࣮ࣜࢺࢆ⏝࠸ࡓᐇ㦂࡛ࡣࠊᅽ⦰ᙉᗘヨ㦂࠾ࡼࡧಁ㐍୰ᛶ໬
ヨ㦂ࠊࣔࣝࢱࣝࢆ⏝࠸ࡓᐇ㦂࡛ࡣ FASࡢಖ⟶ᮇ㛫ࡢᙳ㡪ࢆᅽ⦰ᙉᗘヨ㦂࠿ࡽ᳨ウࡋࡓࠋ 
 
⾲ 6-1 ᐇ㦂ࡢᴫせ 
᳨ウ࣭ㄪᰝෆᐜ ヨ㦂ヨᩱ  ᐃ㡯┠ 
ᅽ⦰ᙉᗘヨ㦂 ࢥࣥࢡ࣮ࣜࢺ 






FASࡢಖ⟶ᮇ㛫 ࣔࣝࢱࣝ  FASಖ⟶ᮇ㛫࡜ᅽ⦰ᙉᗘ 
 
 ౑⏝ᮦᩱ 
 ⾲ 6-2 ࠾ࡼࡧ⾲ 6-3 ࡟ࠊࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱࡢ✀㢮࠾ࡼࡧ≀ᛶࢆ♧ࡍࠋᅽ⦰ᙉᗘ࠾ࡼࡧಁ
㐍୰ᛶ໬ヨ㦂࡛ࡣࠊ⣽㦵ᮦ࡜ࡋ࡚ࠊ○◁ S1࡜ᕝ◁ S2ࢆΰྜࡋࡓࡶࡢ㸦௨㝆ࠊΰྜ◁࡜⾲グ㸧࠾
ࡼࡧ FASࡢ㸰✀㢮ࢆ౑⏝ࡋࡓࠋ 
ΰྜ◁࡟ࡘ࠸࡚ࡣࠊF.M. 2.99ࡢ○◁࡜ F.M. 2.41ࡢᕝ◁ࢆ㉁㔞ẚ࡛○◁ 55%ࠊᕝ◁ 45%ࡢ๭
ྜ࡛ΰྜࡋࡓࡶࡢ࡛࠶ࡾࠊΰྜᚋࡢ F.M.ࡣ 2.73 ࡛࠶ࡿࠋFAS ࡟ࡘ࠸࡚ࡣࠊ᪤ ࡢ◊✲ 6-4),6-5)ࢆ
ཧ⪃࡟ࠊᐜ㔞 100 ࣜࢵࢺࣝࡢࣃࣥᆺ࣑࢟ࢧ࡛○◁࡜ࣇࣛ࢖࢔ࢵࢩࣗࢆ 30 ⛊㛫࢝ࣛ⦎ࡾࡋࠊࡑࡢ





ಖ⟶ࡋࡓࠋࢥࣥࢡ࣮ࣜࢺ⦎ΰࡐ᫬࡟ࡣ JIS A 1111࡟ࡼࡿ⾲㠃Ỉ⋡ヨ㦂ࢆ⾜࠸ࠊ༢఩Ỉ㔞ࢆㄪᩚࡋ
ࡓࠋ 
୍᪉ࠊ⢒㦵ᮦ࡟ࡘ࠸࡚ࡣࠊ◳㉁◁ᒾ○▼ 5ྕ࠾ࡼࡧ 6ྕࢆ➼㔞ΰྜ㸦㉁㔞ẚ㸧ࡋ࡚⏝࠸ࡓࠋ᭱
኱⢏ᚄࡣ 20mm࡛࠶ࡾࠊ⾲ 6-2࡟♧ࡍ್ࡣΰྜᚋࡢ≀ᛶ್࡛࠶ࡿࠋ  
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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⾲ 6-2 ࢥࣥࢡ࣮ࣜࢺࡢ౑⏝ᮦᩱ࠾ࡼࡧ≀ᛶ 
ᮦᩱ グྕ ✀㢮࠾ࡼࡧ≀ᛶ 
ࢭ࣓ࣥࢺ C 
ᬑ㏻࣏ࣝࢺࣛࣥࢻࢭ࣓ࣥࢺ  ᐦᗘ:3.16g/cm3 
ẚ⾲㠃✚:3310cm2/g 
ࣇࣛ࢖࢔ࢵࢩࣗ FA JIS A 6201 ϩ✀  ⯙㭯Ⓨ㟁ᡤ⏘ 



























⾲ 6-3 ࣇࣛ࢖࢔ࢵࢩࣗࡢရ㉁ 
㡯  ┠ ヨ㦂್ 
≀  ᛶ 
ᐦᗘ㸦g/cm3㸧 2.25 






















 ᅽ⦰ᙉᗘヨ㦂࠾ࡼࡧಁ㐍୰ᛶ໬ヨ㦂࡟࠾ࡅࡿࢥࣥࢡ࣮ࣜࢺࡢㄪྜࢆ⾲ 6-4࠾ࡼࡧ⾲ 6-5࡟♧ࡍࠋ
⾲ 6-4࠾ࡼࡧ⾲ 6-5୰ࡢ FAΰྜ⋡࡟ࡘ࠸࡚ࡣࠊFASࢆᛕ㢌࡟⣽㦵ᮦ୰ࡢෆ๭ࡾ࡛⾲ࡋࡓ FA ΰ
























W C FA S1 S2 FAS G Ad1 Ad2 Ad3 Ad4 
30PL 㸫 㸫 30 40 175 583 㸫 340 278 㸫 948 4.1 㸫 㸫 2.3 




㸫 406 332 㸫 
948 
㸫 3.5 2.6 㸫 
40FAS 10 (17) 44 (73) (657) 㸫 730 㸫 3.1 10.9 㸫 
40FA17 㸫 17 41 73 657 㸫 㸫 㸫 3.6 15.3 㸫 




㸫 446 365 㸫 
948 
㸫 2.5 2.1 㸫 
50FAS 10 (23) 47 (80) (721) 㸫 801 㸫 2.3 7.0 㸫 
50FAS-90 10 (23) 47 (80) (721) 㸫 801 㸫 2.3 7.0 㸫 
50FA23 㸫 23 44 80 721 㸫 㸫 㸫 2.6 12.9 㸫 




㸫 472 386 㸫 
948 
㸫 5.3 3.5 㸫 
60FAS 10 (29) 48 (85) (763) 㸫 848 㸫 1.5 8.8 㸫 
60FA29 㸫 29 46 85 763 㸫 㸫 㸫 1.9 9.4 㸫 
70PL 㸫 㸫 70 49 175 250 㸫 491 402 㸫 948 㸫 2.5 1.0 㸫 
ͤ⾲ 6-4࡟♧ࡍ Ad3࠾ࡼࡧ Ad4࡟ࡘ࠸࡚ࡣࠊ100ಸ࡟ᕼ㔘ࡋࡓࡶࡢࡢῧຍ㔞ࢆ♧ࡋ࡚࠸ࡿࠋ 
ͤㄪྜグྕࡢ 50FAS-90࡜ࡣࠊ〇㐀ࡋ࡚࠿ࡽ 90᪥㛫ಖ⟶ࡋࡓ FASࢆ౑⏝ࡋࡓࡇ࡜ࢆ⾲ࡋ࡚࠸ࡿࠋ 
 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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W C FA S1 S2 FAS G Ad1 Ad2 Ad3 Ad4 
30PL 㸫 㸫 30 40 175 583 㸫 340 278 㸫 948 4.1 㸫 㸫 2.3 
40PL 㸫 㸫 40 44 175 438 㸫 406 332 㸫 948 㸫 3.5 2.6 㸫 




㸫 446 365 㸫 
948 
㸫 2.5 2.1 㸫 
50FAS 10 (23) 47 (80) (721) 㸫 801 㸫 2.3 7.0 㸫 
50FAS-90 10 (23) 47 (80) (721) 㸫 801 㸫 2.3 7.0 㸫 
50FA23 㸫 23 44 80 721 㸫 㸫 㸫 2.6 12.9 㸫 




㸫 472 386 㸫 
948 
㸫 5.3 3.5 㸫 
60FAS 10 (29) 48 (85) (763) 㸫 848 㸫 1.5 8.8 㸫 
60FA29 㸫 29 46 85 763 㸫 㸫 㸫 1.9 9.4 㸫 
ͤ⾲ 6-5࡟♧ࡍ Ad3࠾ࡼࡧ Ad4࡟ࡘ࠸࡚ࡣࠊ100ಸ࡟ᕼ㔘ࡋࡓࡶࡢࡢῧຍ㔞ࢆ♧ࡋ࡚࠸ࡿࠋ 
ͤㄪྜグྕࡢ 50FAS-90࡜ࡣࠊ〇㐀ࡋ࡚࠿ࡽ 90᪥㛫ಖ⟶ࡋࡓ FASࢆ౑⏝ࡋࡓࡇ࡜ࢆ⾲ࡋ࡚࠸ࡿࠋ 

㸦㸰㸧)$6 ࡢಖ⟶ᮇ㛫ࡢ᳨ウ࡟㛵ࡍࡿࣔࣝࢱࣝࡢㄪྜ
 ⾲ 6-6࡟ࠊࣔࣝࢱࣝࡢㄪྜ㸦㉁㔞ẚ㸧ࢆ♧ࡍࠋ⣽㦵ᮦࡢ㉁㔞ẚࡣࠊJIS R 5201ࢆཧ⪃࡟タᐃࡋ
ࡓࠋࡲࡓࠊ໬Ꮫΰ࿴๣ࡣ౑⏝ࡋ࡚࠸࡞࠸ࠋ 
 





W C S1+S2 FAS 
M50PL 
50 0.50 㸯.00 
3.00 㸫 














ᶆ‽௙ᵝ᭩࣭ྠゎㄝ JASS 5 㕲➽ࢥࣥࢡ࣮ࣜࢺᕤ஦ 6-6㸧࡟グ㍕ࡉࢀ࡚࠸ࡿࣇࣛ࢖࢔ࢵࢩࣗࢭ࣓ࣥ
ࢺ B✀ࢆ⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢィ⏬౪⏝ᮇ㛫ࡢ⣭ࡀ▷ᮇ࠾ࡼࡧᶆ‽ࡢሙྜࡢ 7᪥㛫ࢆᇶ‽࡜ࡋࡓࠋ
ᑒ࠿ࢇ㣴⏕⤊஢ᚋ㸦⬺ᆺᚋ㸧ࡣࠊ ᗘ 20Υࠊ‵ᗘ 60%RHࡢ⎔ቃ࡟࠾࠸࡚Ẽ୰㣴⏕ࢆ⾜ࡗࡓࠋࡉ
ࡽ࡟ 50PL࠾ࡼࡧ 50FAS࡟ࡘ࠸࡚ࡣࠊᑒ࠿ࢇ㣴⏕ᮇ㛫 3᪥㛫࠾ࡼࡧ 10᪥㛫ࡶィ⏬ࡋࡓࠋࡇࢀࡽ
ࡣࠊᡤᐃᮇ㛫ࡢᑒ࠿ࢇ㣴⏕ᚋࡣẼ୰㣴⏕࡜ࡋࡓࡓࡵࠊ௨㝆ࠊẼ୰㣴⏕࡜⾲グࡍࡿࠋẚ㍑ࡢࡓࡵࠊ
ᶆ‽㣴⏕㸦20ΥỈ୰㸧ࡶィ⏬ࡋࡓࠋࡲࡓࠊᅽ⦰ᙉᗘヨ㦂ࡣࠊᮦ㱋 28᪥࠾ࡼࡧ 91᪥࡟࠾࠸࡚ JIS A 
1108࡟ᚑࡗ࡚⾜ࡗࡓࠋ 
 
⾲ 6-7 ᅽ⦰ᙉᗘヨ㦂࡟࠾ࡅࡿᐇ㦂Ỉ‽ 





30PL 㸫 ΰྜ◁ 㸫 7 
40PL 㸫 ΰྜ◁ 㸫 
7 40FAS ஦๓ΰྜ FAS 7 
40FA17 ྠ᫬ΰྜ ○◁ 㸫 








50FAS-90 ஦๓ΰྜ FAS 90 7 
50FA23 ྠ᫬ΰྜ ○◁ 㸫 7 
60PL 㸫 ΰྜ◁ 㸫 
7 60FAS ஦๓ΰྜ FAS 7 
60FA28 ྠ᫬ΰྜ ○◁ 㸫 










㣴⏕ᮇ㛫࡟㐩ࡋࡓ᫬Ⅼ࡛⬺ᆺࡋࠊᮦ㱋 56᪥ࡲ࡛ ᗘ 20Υࠊ‵ᗘ 60%RHࡢ⎔ቃ࡟㟼⨨ࡋࡓࠋᶆ
‽㣴⏕౪ヨయ࡟ࡘ࠸࡚ࡣࠊ ᗘ 20ΥࡢỈ୰࡛ᮦ㱋 28᪥ࡲ࡛㣴⏕ࡋࠊࡑࡢᚋࡣᮦ㱋 56᪥ࡲ࡛ ᗘ
20Υࠊ‵ᗘ 60%RH ࡢ⎔ቃ࡟㟼⨨ࡋࡓࠋᮦ㱋 56 ᪥࡟ࠊ౪ヨయࡢ୰ᛶ໬῝ࡉ ᐃ㠃௨እࢆ࢔࣑ࣝ
ࢸ࣮ࣉ࡛㣴⏕ࡋࠊJIS A 1153࡟ᚑࡗ࡚ CO2⃰ᗘ 5.0%ࠊ ᗘ 20Υ࡛‵ᗘ 60%RHࡢ⎔ቃ࡟࠾࠸࡚
ಁ㐍୰ᛶ໬ヨ㦂ࢆ㛤ጞࡋࡓࠋ୰ᛶ໬῝ࡉࡢ ᐃࡣࠊヨ㦂㛤ጞᚋ 0ࠊ4ࠊ8ࠊ13࠾ࡼࡧ 26㐌࡛⾜࠸ࠊ
ࡑࡢ ᐃ᪉ἲࡣ JIS A 1152࡟ᚑࡗࡓࠋ 
㸦㸱㸧)$6 ࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ ;⥺ᅇᢡศᯒ 














࡚ࡶࠊෆ㒊ᶆ‽≀㉁࡜ࡋ࡚ MgO ࢆෆ๭ࡾ࡛ 20mass%ຍ࠼ࡓࠋ㦵ᮦࡢ୺ᡂศࡣ SiO2࡜ࡋศᯒࢆ
⾜ࡗࡓࡀࠊFA࡟ྵࡲࢀࡿ SiO2ࡣࠊ㦵ᮦࡢ SiO2࡜ẚ㍑ࡋ࡚ᚤ㔞࡛࠶ࡿࡓࡵ↓どࡋࡓࠋ 
  
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ











ᅗ 6-1 ಁ㐍୰ᛶ໬ヨ㦂࠾ࡼࡧ XRDศᯒ࡟࠾ࡅࡿᑒ࠿ࢇ㣴⏕ᮇ㛫 
 





30PL 7 ۑ 㸫 













50FAS-90 7 ۑ ۑ 
50FA23 7 ۑ 㸫 
60PL 7 ۑ 㸫 
60FAS 7 ۑ 㸫 
60FA29 7 ۑ 㸫 

㸦㸲㸧)$6 ࡢಖ⟶ᮇ㛫࡜ࣔࣝࢱࣝࡢᅽ⦰ᙉᗘ 













ࣛࢵࣉ࡛ໟࡳ㎸ࡳࠊ ᗘ 20Υ࡛㣴⏕㸧ࢆ⾜ࡗࡓࠋᑒ࠿ࢇ㣴⏕⤊஢ᚋࡣࠊ ᗘ 20Υࠊ‵ᗘ 60%RH
ࡢ⎔ቃ࡛Ẽ୰㣴⏕ࡋࡓࠋࡲࡓࠊᅽ⦰ᙉᗘヨ㦂ᮦ㱋ࡲ࡛ᑒ࠿ࢇ㣴⏕ࢆ⥅⥆ࡋࡓ౪ヨయࡶస〇ࡋࡓࠋ














ᅗ 6-2 )$6 ࡢ〇㐀࡜ࣔࣝࢱࣝ౪ヨయࡢ〇㐀ࡢᵝᏊ
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ





 ᅗ 6-3 ࡟ΰྜ◁ࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ㸦௨㝆ࠊFA ↓ΰྜࢥࣥࢡ࣮ࣜࢺ࡜⾲グ㸧࡜
FASࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ㸦௨㝆ࠊFASࢥࣥࢡ࣮ࣜࢺ࡜⾲グ㸧ࡢᅽ⦰ᙉᗘࡢ㛵ಀࢆ♧









ಖ⟶ᮇ㛫ࢆ 90᪥㛫࡜ࡋࡓ FASࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡣࠊ7᪥㛫ಖ⟶ࡋࡓ FASࢆ౑⏝ࡋࡓࢥ
ࣥࢡ࣮ࣜࢺࡼࡾࡶࠊᶆ‽㣴⏕࡟࠾࠸࡚ 5N/mm2࡯࡝኱ࡁ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋࡇࡢᙉᗘᕪࡢⓎ⏕
ཎᅉࡣ୙࡛᫂࠶ࡿࡀࠊᑡ࡞ࡃ࡜ࡶ FASࢆ㛗ᮇ㛫ಖ⟶ࡍࡿࡇ࡜࡟ࡼࡿᅽ⦰ᙉᗘ࡬ࡢᝏᙳ㡪ࡣㄆࡵࡽ




ࢺ㸯m3୰ࡢ FA㔞࡟ᕪ␗ࡣ࡞࠸ࡀࠊFASࢥࣥࢡ࣮ࣜࢺࡢሙྜࡣࠊ○◁࡜ FAࢆΰྜࡋ࡚࠿ࡽ 7᪥
㛫ࡀ⤒㐣ࡋ࡚࠸ࡿࡇ࡜ࡀ኱ࡁ࡞㐪࠸࡛࠶ࡿࠋᶆ‽㣴⏕࡟࠾ࡅࡿᅽ⦰ᙉᗘ࡟࠾࠸࡚ࡣࠊᮦ㱋 28᪥࡛
ࡣࠊከᑡࡢᙉᗘᕪࡣㄆࡵࡽࢀࡿࡶࡢࡢࠊᴫࡡྠ➼ࡢ⤖ᯝ࡜࡞ࡗࡓࠋᮦ㱋 91᪥࡟࠾࠸࡚ࡶྠᵝࡢ⤖
















































































































































㻲㻭 ↓ΰྜ䝁䞁䜽䝸䞊䝖䛾ᅽ⦰ᙉᗘ㻔㻺㻛㼙㼙㻞㻕㻌 㻲㻭 ↓ΰྜ䝁䞁䜽䝸䞊䝖䛾ᅽ⦰ᙉᗘ㻔㻺㻛㼙㼙㻞㻕㻌





































































㻲㻭 ྠ᫬ΰྜ䝁䞁䜽䝸䞊䝖䛾ᅽ⦰ᙉᗘ㻔㻺㻛㼙㼙㻞㻕㻌 㻲㻭 ྠ᫬ΰྜ䝁䞁䜽䝸䞊䝖䛾ᅽ⦰ᙉᗘ㻔㻺㻛㼙㼙㻞㻕㻌






































































- 116 - 
 
㸦㸰㸧ᑒ࠿ࢇ㣴⏕ᮇ㛫ࡀᅽ⦰ᙉᗘ࡟ཬࡰࡍᙳ㡪
 ᅗ 6-5࡟ 50PL࠾ࡼࡧ 50FAS࡟࠾ࡅࡿᑒ࠿ࢇ㣴⏕ᮇ㛫࡜ᅽ⦰ᙉᗘࡢ㛵ಀࢆ♧ࡍࠋᑒ࠿ࢇ㣴⏕ᮇ
㛫ࡀ▷ࡃ࡞ࡿ࡜ࠊࢭ࣓ࣥࢺࡢỈ࿴཯ᛂ࡟ᚲせ࡞Ỉศࡀ୙㊊ࡍࡿࡓࡵࠊỈ࿴཯ᛂࡀ೵⁫ࡍࡿࠋࡑࡇ
࡛ࠊᑒ࠿ࢇ㣴⏕ᮇ㛫ࢆኚ໬ࡉࡏࡓሙྜࡢᙉᗘ≉ᛶ࡟ࡘ࠸࡚ࠊ50PLࡢᮦ㱋 28᪥ᙉᗘࢆẚ㍑ࡍࡿ࡜ࠊ
3 ᪥㛫ࡢ࡯࠺ࡀ 7 ᪥㛫ࡼࡾࡶᅽ⦰ᙉᗘࡀᑠࡉ࠸⤖ᯝ࡜࡞ࡗࡓࠋ᪩ᮇᮦ㱋ࡢ⬺ᆺ࡟ࡼࡾࢭ࣓ࣥࢺࡢ
Ỉ࿴཯ᛂ࡟ᚲせ࡞Ỉศࡀ⵨ⓎࡋࠊᙉᗘⓎ⌧࡟ᙳ㡪ࡀ⌧ࢀࡓ࡜⪃࠼ࡽࢀࡿࠋࡋ࠿ࡋࠊᑒ࠿ࢇ㣴⏕ᮇ
㛫 7 ᪥㛫࡜ 10 ᪥㛫࡛ࡣᅽ⦰ᙉᗘ࡟㢧ⴭ࡞ᕪࡣ⏕ࡌ࡞࠿ࡗࡓࠋࡲࡓࠊᮦ㱋 91 ᪥ᙉᗘ࡟ࡘ࠸࡚ࡶࠊ
ᮦ㱋 28᪥ᙉᗘ࡜ྠᵝࡢഴྥ࡛࠶ࡗࡓࠋ50FASࡢᮦ㱋 28᪥ᙉᗘࡣࠊᑒ࠿ࢇ㣴⏕ᮇ㛫ࡀ㛗ࡃ࡞ࡿ࡯














ᅗ 6-5 50PL࠾ࡼࡧ 50FAS࡟࠾ࡅࡿᑒ࠿ࢇ㣴⏕ᮇ㛫࡜ᅽ⦰ᙉᗘࡢ㛵ಀ 
 
 )$6 ࡟ྵࡲࢀࡿ )$ ࡀᅽ⦰ᙉᗘ࡬ཬࡰࡍᙳ㡪
㸦㸯㸧)$6 ྵࡲࢀࡿ )$ࡢᙉᗘᐤ୚ຠᯝ
 FAS࡟ྵࡲࢀࡿ FA ࡣࠊ⣽㦵ᮦࡢ⢏ᗘㄪᩚࢆ┠ⓗ࡜ࡋ࡚ΰྜࡉࢀ࡚࠾ࡾࠊ≉࡟ᅽ⦰ᙉᗘ࡬ᐤ୚
ຠᯝࡣᮇᚅࡉࢀ࡚࠸࡞࠸ࠋࡋ࠿ࡋࠊ6.4.2ࡢ⤖ᯝ࠿ࡽ FAࡢᙉᗘ࡬ࡢᐤ୚ຠᯝࡀ☜ㄆࡉࢀࡓࠋࡑࡇ
࡛ࠊᅗ 6-6࡟♧ࡍࡼ࠺࡟ FAࢆ⤖ྜᮦࡢ୍㒊ࠊࡍ࡞ࢃࡕෆ๭ࡾΰྜࡢ⪃࠼᪉࡟ᚑࡗ࡚ FAࡢᙉᗘᐤ
34.8 36.8 35.6 
37.9 
































 㸧+ B ···················································································· 㸦6-1㸧 
ࡇࡇ࡛ࠊf0㸸FA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰ᙉᗘ㸦N/mm2㸧ࠊC㸸༢఩ࢭ࣓ࣥࢺ㔞㸦kg/m3㸧ࠊW㸸
༢఩Ỉ㔞㸦kg/m3㸧ࠊA,B㸸ᐇ㦂ᐃᩘ࡜ࡍࡿࠋ 

















ᅗ 6-6 FAࡢᙉᗘᐤ୚⋡ȘS࡜ᅽ⦰ᙉᗘࡢ㛵ಀࣔࢹࣝ 
 
ࡲࡓࠊFAࡢᙉᗘᐤ୚⋡ȘS㸻100࡜ࡋࡓሙྜࡢᅽ⦰ᙉᗘ fC㸦N/mm2㸧࡟ࡘ࠸࡚ࡣࠊᐇ㦂⤖ᯝࡀ








































ᅗ 6-7 FA↓ΰྜࢥࣥࢡ࣮ࣜࢺࡢ C/W࡜ᅽ⦰ᙉᗘࡢ㛵ಀ 
 ⾲ 6-9࡟ࠊFAࡢᙉᗘᐤ୚⋡ȘSࢆ♧ࡍࠋᶆ‽㣴⏕࡛ࡣࠊᮦ㱋 28᪥࡟࠾࠸࡚ࡢᙉᗘᐤ୚⋡ࡀ 27%
௨ୖ࡛࠶ࡗࡓࠋᮦ㱋 91᪥࡛ࡣࠊ85%௨ୖ࡜ FA࡟ࡼࡿ㛗ᮇᙉᗘቑ㐍ຠᯝࡀ☜ㄆࡉࢀࡓࠋ୍᪉ࠊẼ





⾲ 6-9 㣴⏕ูᐇ㦂ᐃᩘࡢ್ 
㣴⏕᪉ἲ ㄪྜグྕ C/FA 
ᶆ‽㣴⏕ Ẽ୰㣴⏕㸦ᑒ࠿ࢇ 7᪥㸧 








50FAS 4.4㻌 51.2 42 48.6 9 








50FAS 4.4㻌 57.4 116 50.5 30 
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㸦㸰㸧)$ࡢᙉᗘᐤ୚⋡࡜ࢭ࣓ࣥࢺ㔞ࡢ㛵ಀ





ᅗ 6-8 ࡟ࠊC/FA ࡜ᙉᗘᐤ୚⋡ࡢ㛵ಀࢆ♧ࡍࠋᶆ‽㣴⏕࡟࠾ࡅࡿᙉᗘᐤ୚⋡࡟ࡘ࠸࡚ࠊᮦ㱋 28
᪥࡛ࡣࠊ30࠿ࡽ 40%⛬ᗘ࡛࠶ࡗࡓࠋᮦ㱋 91 ᪥࡛ࡣ 100%⛬ᗘ࡛࠶ࡾࠊࢭ࣓ࣥࢺ࡜ྠ⛬ᗘࡢᙉᗘ
ᐤ୚ຠᯝ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ࠸ࡎࢀࡢᮦ㱋࡟࠾࠸࡚ࡶC/FA࡜ࡢ㛵㐃ᛶࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ
Ẽ୰㣴⏕࡛ࡣࠊC/FAࡀ኱ࡁࡃ࡞ࡿ࡯࡝ࠊᮦ㱋 28᪥ࡢᙉᗘᐤ୚⋡ࡀᑠࡉࡃ࡞ࡗࡓࠋࡉࡽ࡟ࠊᮦ㱋
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 )$6 ࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬≉ᛶ 
㸦㸯㸧ಁ㐍୰ᛶ໬ᮇ㛫࡜୰ᛶ໬῝ࡉࡢ㛵ಀ
 ᅗ 6-9࡟ࠊᶆ‽㣴⏕࡟࠾ࡅࡿಁ㐍୰ᛶ໬ᮇ㛫࡜୰ᛶ໬῝ࡉࡢ㛵ಀࢆ♧ࡍࠋỈࢭ࣓ࣥࢺẚ 50%࡛
ࡣࠊ50FASࠊ50FA23࠾ࡼࡧ 50PLࡢಁ㐍୰ᛶ໬ᮇ㛫 13㐌ࡲ࡛ࡢ୰ᛶ໬῝ࡉ࡟㢧ⴭ࡞ᕪࡣㄆࡵࡽ
ࢀ࡞࠸ࡀࠊ26 㐌࡛ࡣ FAS ࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ᪉ࡀ 50PL ࡼࡾࡶᑠࡉ࡞୰ᛶ໬῝ࡉࢆ♧ࡋ
ࡓࠋཎᅉࡢ୍ࡘ࡜ࡋ࡚ࠊ⣽㦵ᮦ࡟ΰྜࡋࡓ FA ࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡾࢥࣥࢡ࣮ࣜࢺ⤌⧊ࡀ⦓ᐦ໬
ࡉࢀࠊCO2ࡢ౵ධࢆᢚไࡋࡓ࡜⪃࠼ࡽࢀࡿࠋࡲࡓࠊಖ⟶ᮇ㛫 90᪥㛫ࡢ FASࢆ౑⏝ࡋࡓ 50FAS-90
࡜ 50FAS ࢆẚ㍑ࡍࡿ࡜ࠊ୰ᛶ໬῝ࡉ࡟኱ࡁ࡞ᕪࡣ࡞ࡃࠊFAS ࡢ㛗ᮇಖ⟶ࡀ୰ᛶ໬ࡢ㐍⾜࡟ཬࡰ
ࡍᙳ㡪ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋỈࢭ࣓ࣥࢺẚ 60%࡛ࡣࠊFA ࡢΰྜࡢ᭷↓࡟㛵ࢃࡽࡎྠ⛬ᗘࡢ୰ᛶ
໬῝ࡉ࡜࡞ࡗࡓࠋ 




ࡢ୰ᛶ໬῝ࡉࢆ♧ࡋࡓࡶࡢ࡜⪃࠼ࡽࢀࡿࠋỈࢭ࣓ࣥࢺẚ 60%࡛ࡣࠊಁ㐍୰ᛶ໬ᮇ㛫 26 㐌࡟࠾࠸
࡚ 60FAS࠾ࡼࡧ 60FA29ࡢ᪉ࡀ 60PLࡢ୰ᛶ໬῝ࡉ࡜ẚ㍑ࡋ࡚ࠊࡸࡸ኱ࡁ࠸ഴྥࢆ♧ࡋࡓࠋ 
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ㄪྜグྕ ᶆ‽㣴⏕ Ẽ୰㣴⏕㸦ᑒ࠿ࢇ 7᪥㸧 
30PL 
  
Ave.(mm) 0.0 0.0 
Max(mm) 0.0 0.0 
Mini(mm) 0.0 0.0 
Ȫ(mm) 0.0 0.0 
40PL 
  
Ave.(mm) 3.4 8.0 
Max(mm) 9.0 12.9 
Mini(mm) 0.0 4.3 
Ȫ(mm) 2.3 2.5 
50PL 
  
Ave.(mm) 10.8 14.4 
Max(mm) 17.1 23.4 
Mini(mm) 4.2 8.4 
Ȫ(mm) 3.2 4.3 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ




Ave.(mm) 8.6 13.8 
Max(mm) 13.1 23.3 
Mini(mm) 4.8 8.6 
Ȫ(mm) 2.1 3.6 
50FAS-90 
  
Ave.(mm) 8.4 13.1 
Max(mm) 12.2 23.3 
Mini(mm) 4.9 6.4 
Ȫ(mm) 2.3 4.5 
50FA23 
  
Ave.(mm) 8.4 13.5 
Max(mm) 14.4 22.0 
Mini(mm) 4.6 6.8 
Ȫ(mm) 2.6 3.4 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ




Ave.(mm) 14.3 17.3 
Max(mm) 19.1 26.9 
Mini(mm) 10.5 12.5 
Ȫ(mm) 2.1 3.5 
60FAS 
  
Ave.(mm) 14.6 19.5 
Max(mm) 20.3 30.5 
Mini(mm) 8.9 12.6 
Ȫ(mm) 3.4 5.8 
60FA29 
  
Ave.(mm) 15.0 18.6 
Max(mm) 26.6 26.2 
Mini(mm) 8.6 6.3 
Ȫ(mm) 4.5 5.4 
ᅗ 6-11 ಁ㐍୰ᛶ໬ᮇ㛫 26㐌ࡢ୰ᛶ໬ヨ㦂⤖ᯝ 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ





C㸻A ξ ······························································································· 㸦6-5㸧 
 ࡇࡇ࡛ࠊC㸸୰ᛶ໬῝ࡉ㸦mm㸧ࠊA㸸୰ᛶ໬㏿ᗘಀ 㸦ᩘmm/Ҁ㐌㸧ࠊt㸸ಁ㐍୰ᛶ໬ヨ㦂ᮇ㛫㸦㐌㸧
࡜ࡍࡿࠋ 
 ᅗ 6-12࡟ࠊỈࢭ࣓ࣥࢺẚู࡟ศ㢮ࡋࡓ୰ᛶ໬㏿ᗘಀᩘࢆ♧ࡍࠋᶆ‽㣴⏕࡛ࡣࠊ50FASࡣ 50PL
࡜ྠ⛬ᗘࡢ୰ᛶ໬㏿ᗘಀᩘࢆ♧ࡋࡓࠋࡲࡓࠊࢥࣥࢡ࣮ࣜࢺࡢ⦎ΰࡐ᫬࡟ FA ࢆΰྜࡋࡓ 50FA23
࠾ࡼࡧ 50FAS-90 ࡛ࡣࠊ50PL ࡜ẚ㍑ࡋ࡚ࠊࡸࡸᑠࡉ࡞୰ᛶ໬㏿ᗘಀᩘࢆ♧ࡋࡓࠋỈࢭ࣓ࣥࢺẚ
60%࡛ࡣࠊ60FAS࡜ 60PL࡛ࡣ୰ᛶ໬㏿ᗘಀᩘ࡟ᕪ␗ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ60FA29࡜ 60PLࡢ
ẚ㍑࡛ࡣࠊ60FA29 ࡢ୰ᛶ໬㏿ᗘಀᩘࡢ᪉ࡀᑠࡉ࠿ࡗࡓࠋࡋࡓࡀࡗ࡚ࠊ᪤ ࡢ◊✲ 6-11)࡛ࡣࠊFA






















ᅗ 6-12 ಁ㐍୰ᛶ໬ᮇ㛫 26㐌ࡢ୰ᛶ໬ヨ㦂⤖ᯝ 
 
㸦㸱㸧ᑒ࠿ࢇ㣴⏕ᮇ㛫࡜୰ᛶ໬㏿ᗘಀᩘࡢ㛵ಀ










ᮦ㱋ึᮇ࡟࠾࠸࡚ C3S ࡢỈ࿴⏕ᡂ≀ࡢ᰾㸦ᯒฟࢧ࢖ࢺ㸧࡜࡞ࡾࠊFA ↓ΰྜࡢࢥࣥࢡ࣮ࣜࢺ࡜ẚ
























30 PL 40PL 50PL 50FAS 50FAS-90 50FA23 60PL 60FAS 60FA29































ᅗ 6-13 ಁ㐍୰ᛶ໬ᮇ㛫 26㐌ࡢ୰ᛶ໬ヨ㦂⤖ᯝ 
 
㸦㸲㸧ᅽ⦰ᙉᗘ࡜୰ᛶ໬㏿ᗘಀᩘࡢ㛵ಀ








































 ̺ b 㸧 ················································································· 㸦6-6㸧 
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 )$6 ࡟ྵࡲࢀࡿ )$ ࡀ୰ᛶ໬࡬ཬࡰࡍᙳ㡪
㸦㸯㸧)$ࡢ୰ᛶ໬᢬ᢠᐤ୚⋡
 ᮏ◊✲࡟࠾ࡅࡿ FA ࡢ఩⨨࡙ࡅࡣࠊ○◁ࡢᚤ⢏ศࡢ⿵᏶ࡀ୺࡞ᙺ๭࡛࠶ࡾࠊ⤖ྜᮦ࡜ࡋ࡚ࡢᙺ
๭ࡣᮇᚅࡉࢀ࡚࠸࡞࠸ࠋࡋ࠿ࡋࠊFAࡣ࣏ࢰࣛࣥάᛶࢆ᭷ࡍࡿᮦᩱ࡛࠶ࡿࡓࡵࠊFAS୰ࡢ FAࢆࢭ
࣓ࣥࢺ࡬ࡢΰྜᮦᩱ࡜ᤊ࠼ࠊ୰ᛶ໬㏿ᗘಀᩘࢆ⏝࠸࡚୰ᛶ໬᢬ᢠᛶ࡬ࡢᐤ୚ຠᯝࢆ᳨ウࡋࡓࠋ 















AC㸻aC㸦୛େ  㸧㸫 bC ··············································································· 㸦6-8㸧 
 ࡇࡇ࡛ࠊW㸸༢఩Ỉ㔞㸦kg/m3㸧ࠊC㸸༢఩ࢭ࣓ࣥࢺ㔞㸦kg/m3㸧ࠊaC࠾ࡼࡧ bC㸸ᐇ㦂ᐃᩘ࡜ࡍࡿࠋ
࡞࠾ࠊ᭱ᑠ஧஌ἲ࡛ᐇ㦂ᐃᩘࢆồࡵࡓ࡜ࡇࢁࠊᶆ‽㣴⏕࡛ࡣ aC㸻0.12ࠊbC㸻3.36ࠊẼ୰㣴⏕࡛ࡣ
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50FAS (ᑒ࠿ࢇ 7᪥) 
50 41 
3.13 
3.11 1.59 50FAS-90(ᑒ࠿ࢇ 7᪥) 2.92 
50FA23 (ᑒ࠿ࢇ 7᪥) 3.03 















ᅗ 6-17 FAࡢ୰ᛶ໬᢬ᢠᐤ୚⋡ࡢẚ㍑ 

㸦㸰㸧)$ࡢ୰ᛶ໬᢬ᢠᐤ୚⋡࡜ᙉᗘᐤ୚⋡ࡢ㛵ಀ
 6.3.2࠾࠸࡚ࠊᮦ㱋 91᪥ࡢ FAS୰ࡢ FAࡢᙉᗘᐤ୚ຠᯝ࡟ࡘ࠸᳨࡚ウࡋࠊFAࡢᙉᗘᐤ୚⋡ࢆ
㸦6-4㸧ᘧ࡛ᐃ⩏ࡋࡓࠋ㸦6-4㸧ᘧ࡟࠾࠸࡚ FAࡢᙉᗘᐤ୚⋡ࢆィ⟬ࡋࡓ⤖ᯝࠊᶆ‽㣴⏕࡛ࡣ 50%௨
ୖࠊẼ୰㣴⏕࡛ࡣ 20%⛬ᗘ࡛࠶ࡗࡓࠋࡑࡇ࡛ࠊFAࡢ୰ᛶ໬᢬ᢠᐤ୚⋡࡜ᙉᗘᐤ୚⋡ࢆẚ㍑ࡋࡓࠋ
࡞࠾ࠊ6.3.2 ࡛♧ࡉ࡞࠿ࡗࡓ 50FAS-90 ࠾ࡼࡧ 50FA29 ࡢᙉᗘᐤ୚⋡࡟ࡘ࠸࡚ࡣࠊᶆ‽㣴⏕࡛ࡣ
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ᅗ 6-19 ಁ㐍୰ᛶ໬ヨ㦂ᚋࡢヨᩱ࡟࠾ࡅࡿ XRDࣃࢱ࣮ࣥ  




























































IS㸻aSS ······························································································ 㸦6-9㸧 
 ࡇࡇ࡛ࠊIS㸸2ȟ㸻26.6r࡟࠾ࡅࡿ SiO2ࡢᅇᢡᙉᗘẚ㸦I/IMgO㸧ࠊS㸸ヨᩱ୰ࡢ㦵ᮦࡢྵ᭷⋡㸦%㸧ࠊ
aS㸸ᐇ㦂ᐃᩘ࡜ࡍࡿࠋ᭱ᑠ஧஌ἲ࡟ࡼࡾᐇ㦂ᐃᩘࢆồࡵࡓ࡜ࡇࢁࠊΰྜ◁࡛ࡣ aS=0.027ࠊ○◁࡛
ࡣ aS㸻0.032࡜࡞ࡗࡓࠋ㸦6-9㸧ᘧࡼࡾ Sࡀồࡵࡽࢀࡿࡢ࡛ࠊḟᘧ࡟ࡼࡾ⿵ṇࢆ⾜࠺ࡇ࡜ࡀ࡛ࡁࡿࠋ 
I̓㸻㸦I/IMgO㸧/㸦100㸫S㸧 ···································································· 㸦 6-10㸧 










ᅗ 6-20 ⣽㦵ᮦࡢΰධ⋡࡜ᅇᢡᙉᗘẚ㸦ᕥ㸸ΰྜ◁ ྑ㸸○◁㸧 
 
 ᅗ 6-21 ࡣࠊ⿵ṇᅇᢡᙉᗘ࠿ࡽồࡵࡓ Ca(OH)2ṧᏑ⋡ࢆ♧ࡍࠋCa(OH)2ṧᏑ⋡࡜ࡣࠊྛヨᩱࡢ
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࡛⾲ࡋࡓࡶࡢ࡛࠶ࡿࠋ50PL ࡟ᑐࡋ࡚ 50FAS ࡛ࡣࠊCaCO3ࡢ⏕ᡂ⋡ࡀ 70%⛬ᗘ࡛࠶ࡗࡓࠋࢥࣥ
ࢡ࣮ࣜࢺࡢ୰ᛶ໬ࡣࠊCO2ࡢ౵ධ࡟ࡼࡾ Ca(OH)2㔞࡟ẚ౛ࡋ࡚ CaCO3ࡀ⏕ᡂࡉࢀࡿ࡜⪃࠼ࡽࢀ















ᅗ 6-21 Ca(OH)2ṧᏑ⋡ࡢẚ㍑    ᅗ 6-22 ⾲㠃㒊࡟࠾ࡅࡿ CaCO3⏕ᡂ⋡ࡢẚ㍑ 
 
 )$6 ࡢಖ⟶ᮇ㛫࡜ࣔࣝࢱࣝࡢᅽ⦰ᙉᗘ 
 ᅗ 6-23࡟ࠊಖ⟶ᮇ㛫ࡀ 7ࠊ90࠾ࡼࡧ 300᪥ࡢ FAS࡞ࡽࡧ࡟ΰྜ◁ࢆ౑⏝ࡋࡓࣔࣝࢱࣝࡢᮦ㱋
28᪥ࡢᅽ⦰ᙉᗘࢆ♧ࡍࠋẼ୰㣴⏕㸦ᑒ࠿ࢇ㣴⏕ᮇ㛫 7᪥㸧࡛ࡣ M50PL࡜ẚ㍑ࡋ࡚ M50FAS-7ࠊ
90 ࠾ࡼࡧ 300 ࡢ᪉ࡀ኱ࡁ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋࡲࡓࠊFAS ࡢಖ⟶ᮇ㛫ࡀᅽ⦰ᙉᗘ࡟ཬࡰࡍᙳ㡪
࡟ࡘ࠸࡚ࡣࠊ㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࡓࡵࠊFAS ࡢಖ⟶ᮇ㛫୰࡟ FA ᡂศࡀᅽ⦰ᙉᗘ࡬ᝏᙳ
㡪ࢆ୚࠼ࡿࡼ࠺࡞ኚ≧ࡣ࡞࠿ࡗࡓࡶࡢ࡜᥎ᐹࡉࢀࡿࠋᑒ࠿ࢇ㣴⏕ࢆᅽ⦰ᙉᗘヨ㦂ࡲ࡛⥅⥆ࡋࡓሙ
ྜ࠾ࡼࡧᶆ‽㣴⏕࡛ࡣࠊẼ୰㣴⏕࡜ྠᵝࡢ⤖ᯝ࡜࡞ࡗࡓࠋ 










































- 136 - 
 
⪃࠼ࡽࢀࡿࠋࡉࡽ࡟ࠊFAS ࢆ⏝࠸ࡓࣔࣝࢱ࡛ࣝࡣࠊ㛗ᮇᮦ㱋࡟࠾ࡅࡿ FA ࡢ࣏ࢰࣛࣥ཯ᛂࡶάⓎ
࡟㉳ࡇࡽ࡞࠿ࡗࡓࡇ࡜ࡶ୍ᅉ࡜ࡋ࡚⪃࠼ࡽࢀࡿࠋࡲࡓࠊᅽ⦰ᙉᗘヨ㦂ࡲ࡛ᑒ࠿ࢇ㣴⏕ࢆࡋࡓሙྜ
࠾ࡼࡧᶆ‽㣴⏕࡛ࡣࠊM50PL࡜ẚ㍑ࡋ࡚M50FAS-7ࠊ90࠾ࡼࡧ 300ࡢ᪉ࡀ኱ࡁ࡞ᅽ⦰ᙉᗘࢆ♧























ᅗ 6-24 FASࡢಖ⟶ᮇ㛫࡜ᅽ⦰ᙉᗘࡢẚ㍑㸦ᮦ㱋 91᪥㸧 
  
60.1 58.7 62.4









































㻹㻡㻜㻼㻸 㻹㻡㻜㻲㻭㻿㻙㻣 㻹㻡㻜㻲㻭㻿㻙㻥㻜 㻹㻡㻜㻲㻭㻿㻙㻟㻜㻜
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ



















໬᢬ᢠᛶ࡟ࡘ࠸࡚ࠊỈࢭ࣓ࣥࢺẚ 50%࡛ࡣࣉࣛࢫࠊỈࢭ࣓ࣥࢺẚ 60%࡛ࡣ 0⛬ᗘ࡜࡞ࡗࡓࠋ 
 








ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ 
50PL 40.8 39.1 2.67 2.92 㸫 㸫 
50FAS 45.2 40.0 2.11 2.78 -0.56 -0.13 
50FAS-90 50.6 42.6 1.52 2.43 -1.15 -0.48 
50FA23 46.6 41.6 1.95 2.56 -0.73 -0.35 
60PL 37.7 36.3 3.13 3.35 㸫 㸫 
60FAS 41.0 36.5 2.64 3.32 -0.48 -0.03 
60FA29 39.0 36.0 2.93 3.40 -0.20 0.05 
ͤẼ୰㣴⏕㸸ᑒ࠿ࢇ㣴⏕ᮇ㛫ࢆ 7᪥࡜ࡍࡿࠋ 
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ
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ᢠᛶ࡬ࡢᙳ㡪ࢆㄪᰝࡋࡓࠋ⾲ 6-12 ࡟ࠊFAS ୰ࡢ FA ࡟ࡼࡿ Ca(OH)2ᾘ㈝ࡢ୰ᛶ໬㏿ᗘ⣔࡬ࡢᙳ












ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ 
50PL 87 71 2.02 3.11 㸫 㸫 
50FAS 76 68 2.71 3.29 0.69 0.18 
50FAS-90 76 67 2.71 3.43 0.69 0.32 
50FA23 76 66 2.71 3.50 0.69 0.39 
60PL 73 60 2.96 4.09 㸫 㸫 
60FAS 61 59 3.95 4.16 0.99 0.07 
60FA29 61 60 3.95 4.09 0.99 0.00 
ͤẼ୰㣴⏕㸸ᑒ࠿ࢇ⏕ᮇ㛫ࢆ 7᪥㛫࡜ࡍࡿࠋ 
 
 )$6 ࢥࣥࢡ࣮ࣜࢺࡢᙉᗘቑຍ࡜ &D2+ᾘ㈝ࢆ⪃៖ࡋࡓ୰ᛶ໬᢬ᢠᛶࡢ⥲ྜホ౯
 ➨ 4❶ 4.5࡛♧ࡋࡓ᪉ἲ࡜ྠᵝ࡟ࠊFASࢥࣥࢡ࣮ࣜࢺ࡟࠾࠸࡚ᙉᗘቑຍࢆᣦᶆ࡜ࡋࡓ⤌⧊ࡢ⦓
ᐦ໬ࡢᙳ㡪࡜ Ca(OH)2ᾘ㈝ࡢᙳ㡪ࢆ⤌ࡳྜࢃࡏࡿࡇ࡜࡛ࠊΰྜ◁ࢆ౑⏝ࡋࡓ FA↓ΰྜࢥࣥࢡࣜ
࣮ࢺ࡟ᑐࡋ࡚ FAS ࡟ྵࡲࢀࡿ FA ΰྜࡢᙳ㡪ࢆ⥲ྜⓗ࡟㸦4-11㸧ᘧ࡛ồࡵࡓࠋ⾲ 6-13 ࡟ࠊFAS
ࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓሙྜࡢ୰ᛶ໬㏿ᗘಀᩘ࡬ࡢᙳ㡪ࢆ♧ࡍࠋ50FAS-90 ࡛ࡣࠊᶆ‽㣴⏕࡟࠾࠸࡚
୰ᛶ໬᢬ᢠᛶࡢྥୖࡀㄆࡵࡽࢀࡓࡀࠊ50FAS࠾ࡼࡧ 50FA23࡜ࡶ࡟ᶆ‽㣴⏕࠾ࡼࡧẼ୰㣴⏕࡟ඹ






















ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ ᶆ‽㣴⏕ Ẽ୰㣴⏕ 
50PL 㸫 㸫 2.67 2.92 1.99 3.11 
50FAS 0.13 0.05 2.80 2.96 1.93 3.13 
50FAS-90 -0.46 -0.17 2.21 2.75 1.81 2.92 
50FA23 -0.04 0.04 2.64 2.95 1.82 3.03 
60PL 㸫 㸫 3.13 3.35 3.10 4.09 
60FAS 0.51 0.04 3.64 3.39 2.95 4.08 





































2) FAS ࡟ྵࡲࢀࡿ FA ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺࡢᙉᗘᐤ୚ຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓ࡜ࡇࢁࠊᶆ‽㣴⏕
࡛ࡣᮦ㱋 91᪥࡟࠾࠸࡚ࢭ࣓ࣥࢺ࡟ᑐࡋ࡚ 0.8௨ୖࡢᙉᗘᐤ୚⋡ࢆ♧ࡋࡓ୍ࠋ ᪉ࠊẼ୰㣴⏕㸦ᮦ
㱋 7᪥ࡲ࡛ࡣᑒ࠿ࢇ㣴⏕㸧࡟࠾ࡅࡿ FAࡢᙉᗘᐤ୚⋡ࡣࢭ࣓ࣥࢺ࡟ᑐࡋ࡚ 0.3௨ୗ࡛࠶ࡗࡓࠋ 
 





4) ಖ⟶ᮇ㛫ࡀ 7᪥㛫࠾ࡼࡧ 90᪥㛫ࡢ FASࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࡑࢀࡒࢀࡢࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ
໬㏿ᗘಀᩘࢆẚ㍑ࡋࡓ࡜ࡇࢁࠊ㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
 




































6-6) ᪥ᮏᘓ⠏Ꮫ఍㸸ᘓ⠏ᕤ஦ᶆ‽௙ᵝ᭩࣭ྠゎㄝ JASS 5 㕲➽ࢥࣥࢡ࣮ࣜࢺᕤ஦㸪2009  




6-9) 㜿㒊㐨ᙪ㸪௚ 5 ྡ㸸ࢥࣥࢡ࣮ࣜࢺࡢಁ㐍୰ᛶ໬ヨ㦂ἲࡢホ౯࡟㛵ࡍࡿ◊✲㸪᪥ᮏᘓ⠏Ꮫ
఍ᵓ㐀⣔ㄽᩥሗ࿌㞟㸪➨ 409ྕ㸪pp.1-10㸪1990.3 
6-10) ᱝ⏣ెᐶ㸪Ჴ㔝༤அ㸸ࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬㐍⾜ண ࣔࢹࣝ㸪ࢥࣥࢡ࣮ࣜࢺᕤᏛㄽᩥ㞟㸪
➨ 2ᕳ㸪➨ 1ྕ㸪pp.125-134㸪1991.1 
6-11) 㯤ගᚊ㸪௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆእ๭ΰྜ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬≉ᛶ㸪ࢥࣥ
ࢡ࣮ࣜࢺᕤᏛᖺḟㄽᩥሗ࿌㞟㸪Vol.20㸪No.2㸪pp.127-132㸪1998 




6-14) Ἑྜ◊⮳ ௚ 3 ྡ㸸ࣇࣛ࢖࢔ࢵࢩࣗࢆከ㔞౑⏝ࡋࡓࢭ࣓ࣥࢺࡢỈ࿴࡟ཬࡰࡍ่⃭๣ࡢຠ
➨ ❶ ࣇࣛ࢖࢔ࢵࢩࣗࢆ○◁࡟஦๓ΰྜࡋࡓ⣽㦵ᮦࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺࡢᅽ⦰⏝ᗘ࠾ࡼࡧ୰ᛶ໬ࡢㄪᰝ










































➨ ❶ ⤖ㄽ 














 ➨ 1❶ࠕᗎㄽ࡛ࠖ ࡣࠊᮏ◊✲ࡢ⫼ᬒ࡜┠ⓗࢆ♧ࡍ࡜࡜ࡶ࡟ࠊᮏ◊✲ࡢ᪉㔪࠾ࡼࡧᵓᡂࢆ♧ࡋࡓࠋ 
 















➨ ❶ ⤖ㄽ 






᪥㸧ࡋࡓሙྜࡣࠊᮦ㱋 28࠾ࡼࡧ 91᪥࡟ඹ㏻ࡋ࡚ࠊFAෆ๭ࡾΰྜࢥࣥࢡ࣮ࣜࢺࡣ FA↓ΰྜ
ࢥࣥࢡ࣮ࣜࢺࡼࡾࡶᑠࡉ࡞ᅽ⦰ᙉᗘࢆ♧ࡋࡓࠋ 
ճ FA እ๭ࡾΰྜ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ໬࡬ࡢᙳ㡪ࢆㄪᰝࡋࡓ⤖ᯝࠊỈࢭ࣓ࣥࢺẚ 40%࡛
ࡣ FAእ๭ࡾΰྜࡢ᭷↓࡟ࡼࡿ኱ࡁ࡞㐪࠸ࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋỈࢭ࣓ࣥࢺẚ 50%࡛ࡣࠊFA












ն ࢭ࣓ࣥࢺ࣮࣌ࢫࢺࡢ XRDศᯒ࡟࠾࠸࡚ࠊC3SࡢỈ࿴཯ᛂࡣ FAࡢΰྜࡢ᭷↓࡟࠿࠿ࢃࡽࡎ㡰
ㄪ࡟㐍⾜ࡍࡿࡇ࡜ࡀ☜ㄆ࡛ࡁࡓࠋ 
շ ࢭ࣓ࣥࢺ࣮࣌ࢫࢺヨᩱࡢᑒ࠿ࢇ㣴⏕ᮇ㛫࡜ C3Sࡢ཯ᛂ࡟ࡘ࠸࡚ࠊᑒ࠿ࢇ㣴⏕ᮇ㛫ࡀ 3᪥㛫࡛
ࡣࠊ᪩ᮇ⬺ᆺ࡟ࡼࡿỈศࡢ㐓ᩓࡢᙳ㡪࡟ࡼࡾ㛗ᮇᮦ㱋࡟࠾࠸࡚Ỉ࿴཯ᛂࡀ೵⁫ࡋࡓࠋࡋ࠿ࡋࠊ
ᑒ࠿ࢇ㣴⏕ᮇ㛫 7࠾ࡼࡧ 10᪥㛫࡛ࡣࠊC3Sࡢ཯ᛂ࡟㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 
ո FAࢆΰྜࡋࡓࢭ࣓ࣥࢺ࣮࣌ࢫࢺ࡛ࡣࠊᮦ㱋 7᪥௨㝆ࠊFAࡢ࣏ࢰࣛࣥ཯ᛂ࡟ࡼࡗ࡚ Ca(OH)2
ࡀᾘ㈝ࡉࢀࡿഴྥࡀㄆࡵࡽࢀࡓࠋ 
չ SEM࡟ࡼࡾᚤ⣽⤌⧊ࢆほᐹࡋࡓ࡜ࡇࢁࠊᮦ㱋 28᪥௨㝆࡛ࡣ FAࡢ࿘ᅖ࡟࣏ࢰࣛࣥ཯ᛂ⏕ᡂ
➨ ❶ ⤖ㄽ 
























ձ FAS ࢆ౑⏝ࡋࡓࢥࣥࢡ࣮ࣜࢺ࡛ࡣࠊỈࢭ࣓ࣥࢺẚ 50 ࠾ࡼࡧ 60%࡟࠾࠸࡚○◁ࡢࡳࢆ౑⏝ࡋ
ࡓࢥࣥࢡ࣮ࣜࢺ࡜ẚ㍑ࡋ࡚ࢫࣛࣥࣉᙧ≧࡟ᨵၿຠᯝࡀㄆࡵࡽࢀࡓࠋ 




➨ ❶ ⤖ㄽ 

















ղ FAS ࡟ྵࡲࢀࡿ FA ࡟ࡼࡿࢥࣥࢡ࣮ࣜࢺࡢᙉᗘᐤ୚ຠᯝ࡟ࡘ࠸᳨࡚ウࡋࡓ࡜ࡇࢁࠊᶆ‽㣴⏕
࡛ࡣᮦ㱋 91᪥࡟࠾࠸࡚ࢭ࣓ࣥࢺ࡟ᑐࡋ࡚ 0.8௨ୖࡢᙉᗘᐤ୚⋡ࢆ♧ࡋࡓ୍ࠋ ᪉ࠊẼ୰㣴⏕㸦ᮦ
㱋 7᪥ࡲ࡛ࡣ‵₶㣴⏕㸧࡟࠾ࡅࡿ FAࡢᙉᗘᐤ୚⋡ࡣࢭ࣓ࣥࢺ࡟ᑐࡋ࡚ 0.3௨ୗ࡛࠶ࡗࡓࠋ 




մ ಖ⟶ᮇ㛫ࡀ 7᪥㛫࠾ࡼࡧ 90᪥㛫ࡢ FASࢆ⣽㦵ᮦ࡟౑⏝ࡋࡓࡑࢀࡒࢀࡢࢥࣥࢡ࣮ࣜࢺࡢ୰ᛶ
໬㏿ᗘಀᩘࢆẚ㍑ࡋࡓ࡜ࡇࢁࠊ㢧ⴭ࡞ᕪࡣㄆࡵࡽࢀ࡞࠿ࡗࡓࠋ 




➨ ❶ ⤖ㄽ 











 ௨ୖࠊ➨ 3࠿ࡽ➨ 6❶ࡢ᳨ウ࡟ࡼࡾࠊᮏ◊✲࡛ᚓࡽࢀࡓᡂᯝࢆ௨ୗ࡟♧ࡍࠋ 
 
ձ FAΰྜࡀ୰ᛶ໬᢬ᢠᛶ࡬ཬࡰࡍᙳ㡪࡟ࡘ࠸࡚ 















ᮏㄽᩥࡣࠊ➹⪅ࡀ 2013 ᖺ࠿ࡽ 2016 ᖺ࡟࠿ࡅ࡚ࠊ⊂❧⾜ᨻἲே 㧗㱋࣭㞀ᐖ࣭ồ⫋⪅㞠⏝ᨭ᥼
ᶵᵓ㸦ᪧ ⊂❧⾜ᨻἲே 㞠⏝࣭⬟ຊ㛤Ⓨᶵᵓ㸧࡟ᅾ⫋୰ࠊ࡞ࡽࡧ࡟Ᏹ㒔ᐑ኱Ꮫ኱Ꮫ㝔 ᕤᏛ◊✲⛉ 
ࢩࢫࢸ࣒๰ᡂᕤᏛᑓᨷ ༤ኈᚋᮇㄢ⛬ࡢᅾᏛ୰࡟⾜ࡗࡓࣇࣛ࢖࢔ࢵࢩࣗࢆΰྜࡋࡓࢥࣥࢡ࣮ࣜࢺ
࡟㛵ࡍࡿ◊✲ᡂᯝࢆࡲ࡜ࡵࡓࡶࡢ࡛ࡍࠋ 






ᮏㄽᩥࡢᑂᰝ࡟㝿ࡋ࡚ࡣࠊᏱ㒔ᐑ኱Ꮫ኱Ꮫ㝔 ᕤᏛ◊✲⛉ࢩࢫࢸ࣒๰ᡂᕤᏛᑓᨷ ᩍᤵ ⸨ཎᾈᕭ
༤ኈ㸦๪ᰝ㸧ࠊྠᩍᤵ ቑ⏣ᾈᚿ༤ኈ㸦๪ᰝ㸧ࠊྠ෸ᩍᤵ ᶓᑿ᪼๛༤ኈ㸦๪ᰝ㸧ࠊྠ෸ᩍᤵ ⸨ᮏ㒓
ྐ༤ኈ㸦๪ᰝ㸧࡟᭷┈࡞ࡈᣦᑟࠊࡈຓゝࢆ࠸ࡓࡔࡁࡲࡋࡓࠋࡇࡇ࡟῝ࡃឤㅰ࠸ࡓࡋࡲࡍࠋ 




⾡◊✲ᡤ ୺௵◊✲ဨ ᑠᯘ฼඘༤ኈࠊ኱ᡂᘓタᰴᘧ఍♫ ᢏ⾡ࢭࣥࢱ࣮ ୺ᖍ◊✲ဨ 㝕ෆᾈ༤ኈ࡟
ࡈᨭ᥼࣭ࡈຓゝࢆ࠸ࡓࡔࡁࡲࡋࡓࠋᚰࡼࡾ῝ࡃឤㅰ⏦ࡋୖࡆࡲࡍࠋ 
ᮏㄽᩥ࡟࠾ࡅࡿᐇ㦂ࢆ㐙⾜ࡍࡿ࡟࠶ࡓࡾࠊᰴᘧ఍♫ Ᏻ⸨࣭㛫 ᆏᮏᏲ༤ኈࠊᰴᘧ఍♫ 㛵㟁ࣃ࣡
࣮ࢸࢵࢡ ࿴⏣ṇ࿃ẶࠊBASF ࢪࣕࣃࣥᰴᘧ఍♫ ᅵ㇂ṇẶࠊ㤿ሙຬ௓༤ኈ࡟ᢏ⾡ᣦᑟ࡞ࡽࡧ࡟ᮦ
ᩱᥦ౪➼ࡢࡈᨭ᥼ࢆ࠸ࡓࡔࡁࡲࡋࡓࠋᚰࡼࡾ῝ࡃឤㅰ⏦ࡋୖࡆࡲࡍࠋ 
ࡲࡓࠊ୰ᛶ໬࡟㛵ࡍࡿᐇ㦂࡛ࡣࠊⰪᾆᕤᴗ኱Ꮫ ᕤᏛ㒊 ᘓ⠏Ꮫ⛉ ෸ᩍᤵ ℈ᓮோ༤ኈࠊᅜ❧◊
✲㛤Ⓨἲே ᘓ⠏◊✲ᡤ ᮦᩱ◊✲ࢢ࣮ࣝࣉ ᅵᒇ┤Ꮚ༤ኈ࡟᱁ู࡞ࡈ㓄៖࡜ࡈ༠ຊࢆ࠸ࡓࡔࡁࡲ
ࡋࡓࠋᚰࡼࡾ῝ࡃឤㅰ⏦ࡋୖࡆࡲࡍࠋ 
Ᏹ㒔ᐑ኱Ꮫ࡛ࡢᏛ఩ྲྀᚓ࡟㝿ࡋ࡚ࠊ㛵ᮾ⫋ᴗ⬟ຊ㛤Ⓨ኱Ꮫᰯ ᰯ㛗 Ⲩ㝯⿱༤ኈࠊඖ 㛵ᮾ⫋ᴗ⬟





ᮏ◊✲ࢆྲྀࡾࡲ࡜ࡵࡿ㛫ࠊ㛵ᮾ⫋ᴗ⬟ຊ㛤Ⓨ኱Ꮫᰯ ᘓ⠏᪋ᕤࢩࢫࢸ࣒ᢏ⾡⛉ ෸ᩍᤵ ᒣஅෆ㝯





ᐃ࡟࠾࠸࡚ࡣࠊ㛵ᮾ⫋ᴗ⬟ຊ㛤Ⓨ኱Ꮫᰯ ᑓ㛛ㄢ⛬ ᘓ⠏⛉ ▼ሯಇ⿱ྩࠊᚋ⸨♸㍜ྩࠊᰣᮌ┤ேྩࠊ
ᮾᕝ㞝ኴྩࠊ⸨ᮧ᐀ኈྩࠊⓑ▼ࢲࢽ࢚ࣝྩࠊ㛵㐩ுྩࠊ⏣୰⛸኱ྩࠊ㏄᠇἞㑻ྩࠊᮡ⏣⿱႐ྩࠊ






























≧㸪ᖹᡂ 26ᖺᗘ JCI㛵ᮾᨭ㒊ᰣᮌᆅ༊◊✲Ⓨ⾲఍㸪2015ᖺ 3᭶ 
࠙㛵㐃ࡍࡿ❶㸸➨ ❶㸪➨ ❶ࠚ
4㸧 ㈈ὠᣅ୕㸪ᮡᒣኸ㸪ᱝ⏣ెᐶ㸪Ჴ㔝༤அ㸪㮵ẟᛅ⥅㸪ᅵᒇ┤Ꮚ㸪ᑠᯘ฼඘㸪㝕ෆᾈ㸸ΰྜࢭ
࣓ࣥࢺࢆ⏝࠸ࡓࢥࣥࢡ࣮ࣜࢺࡢ⪏ஂᛶ⬟㸦ࡑࡢ 5 ึᮇ㧗 㣴⏕ࡢᙳ㡪㸧㸪᪥ᮏᘓ⠏Ꮫ఍኱఍
Ꮫ⾡ㅮ₇᱾ᴫ㞟㸦㛵ᮾ㸧㸪ᮦᩱ᪋ᕤ㸪pp.715-716㸪2015ᖺ 9᭶ 
࠙㛵㐃ࡍࡿ❶㸸➨ ❶ࠚ 
